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In this Thesis some original observations
concerning the Sturge Weber syndrome will be placed
on record, and new deductions therefrom and from
the literature will be submitted.
A survey of the literature reveals that many
cases described as examples of the Sturge Weber
syndrome can hardly be accepted as such; some are
cases of intracerebral racemose angioma, some of
the patients have a facial naevus but scanty
neurological symptoms or deficits are recorded; a
few lack the facial cutaneous stigma. A rather
rigid definition of the Sturge Weber syndrome seems
therefore justifiable and desirable.
The Bturge Weber syndrome is characterised by
cutaneous angiomatosis (capillary naevus, naevus
flammeus) affecting the face, epilepsy, gyriform
calcifications within the cerebral cortex in
relation to an angiomatosis at leptomeningeal level,
and in many cases, buphthalmos or glaucoma. The
intracerebral calcifications are not visible
radiologically at birth. When the lower part of
the face is included in the naevoid area the soft
tissues of the face, notably the lips and the
buccal and alveolar mucosa, are often hypertrophied.
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HISTOHIGAL SURVEY.
Although priority in the literature is claimed
for Schirmer (i860) particularly among
ophthalmological writers, his case lacked several
essentials of the syndrome and was reported with
no mention of neurological symptoms or signs.
Sturge deserves credit for maintaining, against
opposition, it is said, that the epilepsy in a
case which he showed before a meeting of the
Clinical Society of London in 1879 was probably
due to a naevoid condition of the brain akin to
that of the patient's face.
William Allen Sturge, M.V.O., M.D., M.R.C.P.,
was born in 1850 in Bristol (the city of the
writer's adoption). He began his studies at
the Bristol Medical School and completed them
at University College Hospital. He was a
registrar at the National Hospital for the
Paralysed & Epileptic and later studied under
Charcot and Fournier. He was appointed to
the staff of the Royal Free Hospital. In
his later years he acquired fame as an
archaeologist. He died in 1919-
Kalischer (1897) was presented with the
opportunity of verifying at post mortem that
Sturge's surmise had been correct.
F.Parkes Weber (1922) first drew attention
to the "festooned" calcifications apparent
radiologically within the cranial cavity. In
Scandinavia priority is claimed for Wissing who
demonstrated typical skiagrams a year earlier at
a radiological meeting in Copenhagen, but his
observations were not published until 1929 (with
Krabbe).
-3-
It had heen assumed that the calcifications
so characteristic of the anomaly lay in the
abnormal vessels at the surface of the brain.
Krabbe (1934) is given credit for showing that the
calcifications are intracortical. In fact, as has
been pointed out by van Bogaert (1950), as far
back as 1912 Volland had given a clear description
of the calcifications in a case which is fully
acceptable as an example of the Sturge Weber
anomaly: his paper appeared in a journal now of
very limited availability, which probably accounts
for its having been overlooked.
Kalischer's patient was too young to have
shown any conspicuous degree of calcification, but
it is curious that there was no pericapillary
calcification in this case.
The name of Dimitri (1923) appears in some
papers, linked with those of earlier authors, in
token of his description, in a South American
journal, of the intracranial calcifications soon
after that of Parkes Weber.
In recent years the terms encephalo-
trigeminal or encephalo-facial angiomatosis have
been proposed. Neither is quite accurately
descriptive because the cutaneous manifestations
often overstep these areas in the recorded cases.*
Later in this Thesis it will be submitted that
the apparent relationship of the naevus to the
distribution of trigeminal branches is merely
fortuitous. It h8S to be noted however that the
involvement of the face by the naevus, and indeed
of one particular part of the face as will be seen
later, is an essential part of the syndrome. Dr.
Parkes Weber (195U) has recently declared in
favour of encephalo-facial angiomatosis as an
appropriate style for the condition which bears
his name, though he comments on the frequency with
which the naevus extends beyond the limits of the
face.
In this Thesis the term Sturge-Weber syndrome
will be retained. Eponyms have been expunged
from anatomy; but in clinical matters the
sentiment of commemorating astute observers may
be condoned, and even encouraged if precision be
aided thereby. The Argyll-Robertson pupil is one
example. Sir Henry Cohen has aptly described
eponyms as a conceptual shorthand (R.S.M.
discussion, February 1955). The names of Sturge
and of 'Weber have for so long been in customary
usage, and with justification, that they can
reasonably be perpetuated. Olivecrona, in his
monograph with Bergstrand and Tonnis (1936),
expresses the same opinion.
GENERAL COMMENT
The material on which this Thesis is hssed
consists of seven clinical cases. Deductions
are made, deriving from the distribution of the
naevus in the personal and recorded esses.
Observations have been made at operation in five
of the cases relating to the circulation within
the abnormal blood vessels on the surface of the
brain. The records of the electrical activity of
the exposed brain are remarkable, unexpected, and
informative.
The chemistry of the cortical deposits has
been investigated anew (by a colleague).
Earlier accounts of the value of lobectony
in assisting control of the epilepsy have been
corroborated. A special significance is thought
to attach to the earls' history in some of the
cases, with reference to epilepsy and intellectual
retards tion.
Each of these topics is in this Thesis a
subject-heading relating to all or most of the
personal cases studied, and it is therefore
proposed to deal with these matters consecutively
as revealed in the cases, rather than to detail
fully each case in series. The case-records will,
however, first be presented formally, but with
abbreviation where particular findings are later
to be collated and discussed.
-6'
CASE I
KNIGHT. Patricia: aged 1l|. years (in 1950)
No relevant familial abnormalities and no
left handedness. A unilateral facial naevus was
apparent at "birth.
First attack of unconsciousness was at the
age of 13 months, and there were no convulsions:
she remained deeply somnolent for two days then
"wakened" apparently normal. Brief attacks of
left hemiparesis began soon afterwards, without
twitching or loss of consciousness, and recurred
every two weeks or so until the age of five years,
when this type of attack ceased.
After an interval of a year petit mal attacks
appeared, usually singly, at intervals of a month
or so. From then on she was given phenobarbitone
regularly up to the time she was first seen, at
the age of 1i+ years. The attacks had gradually
become worse and for 18 months she had been
unconscious for about five minutes in the majority
of the attacks but had exhibited no twitching and
had never voided urine in them.
For a number of years she had been liable to
periodical attacks of bad temper, lasting for an
hour or more, in which she would be restless and
would have violent and destructive outbursts if at
811 frustrated or opposed.
The "fits" were less frequent when the
-7-
attacks of temper were prominent. She had no
headaches*
Menstruation began at 13-g- years but ceased
after two months.
Examination showed a naevus flamraeus on the
right side involving the forehead, temple, upper
eyelid, margin of lower eyelid and the side of
the nose. (Fig.1). The naevus was of a rosy
purple hue and devoid of irregularities or
excrescences on its surface - as in all the naevi
in the following personal cases.
Fig.1.
The patient was of average development.
B.P. 120/70 mm. The left hand was slightly the
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smaller and the left calf was reduced by 1 cm. in
girth. The circulation in the limbs was
symmetrical.
Right handed. No intracranial bruit. The
sclerotic of the right eye showed a faint pink
suffusion, resolved with a lens into a multitude
of minute tortuous venules. No buphthalmos or
glaucoma. The optic discs were normal, but a
short distance lateral to the right disc a few
rather tortuous venules were to be seen, of normal
colour. Visual acuity: J1 right; J2 left.
Complete left homonymous hemianopia with probable
bisection of macular vision. Apart from a slight
supranuclear left facial paresis, cranial nerve
functions were otherwise normal.
The only further motor abnormality was an
increase in the left supinator reflex. No
apraxia. Co-operation in tests for sensory
functions was limited: some impairment of joint
sense in the left hand was established, and so
disproportionately gross an astereognosis that
this was nevertheless included in the positive
findings. Abdominal reflexes symmetrical.
Intellectually this gauche and shy girl was
retarded. Her Wechsler scale performance scores
were: verbal I.Q. 55; full scale 52. Performance
I.Q. 58. Description, "feeble minded". On the
Ravens matrices her raw score was 23 and her
percentile rank 5. Grade V, intellectually
-9-
defective. With Porteous mazes she was
successful to year 8. Her Rorschach performance
showed several signs characteristic of organic
cerebral disease: poverty of output, perseveration
of ideas with successive cards, then a sudden
change to another persisting idea.
Pig. 2
The radiological appearance is shown in Pigs.
2 and 3» The long extension of double-contoured
calcification into the right temporal lobe in this
case is to be noted. The impression created by
the disposition of the calcifications is one of
marked cerebral shrinkage away from the skull, yet
at operation in this and subsequent cases no
subdural effusion was encountered, and with one




Arteriography. 1.U.50. The common carotid
artery was injected on each side and stereoscopic
views v/ere taken. On the normal side good filling
of arteries supplying the occipital lobe was
obtained, whereas on the right side the filling
posteriorly was poor. The films were exposed at
comparable phases after injection. The venograms
showed a good array of parieto-occipital superior
cerebral veins on the normal side, but none in
that region on the abnormal side. Instead, a
large vein coursed between upper Rolandic and
Sylvian regions.
There matters rested for a year. She was st
-11-
a special school for epileptic children. On gr.iv.
of phenoharbitone daily she was having two minor
fits daily, and one major attack monthly. Her
behaviour and low I.Q. rendered her unacceptable
for later reception into a colony, and the special
school refused to accept her back after holidays.
An impasse had been reached.
The situation was reviewed in the light of
the beneficial results which were then being
reported after hemispherectomy in selected cases
of epilepsy with hemiplegia. It was felt that a
fairly extensive resection posteriorly would not
be likely to sdd much deficit in view of the
hemianopia and astereognosis. At first it was
thought this was a pioneering venture in Bristol
but subsequent reference to the monograph showed
that Olivecrona (1936) had performed lobectomy
with benefit in several cases of the Sturge Weber
syndrome.
Slectro-encephalography before operation
(W.Grey Walter, Sc.D.) gave a "surprising result",
revealing a region of electrical inactivity from
the right occipito temporal channels. A large
voltage focal persistent slow discharge came from
"the left temporal lobe, with obvious delta and
theta components. A toposcopic survey confirmed
the inactivity over the diseased area. (This




lobectomy, right side. Electrocorticography.
Anaesthesia: cyclopropane and oxygen. Pentothal
and ether avoided because of the observations
planned*
The scalp was rather more vascular than
normal, of a degree common in cases of meningioma.
A large bone flap was raised* The dura was normal,
and there was no subdural fluid.
The exposed brain was found to be completely
obscured over a wide area by a close network
consisting of a multitude of tortuous venules of
rather even calibre and about 1 mm. in diameter.
This formation concealed the entire occipital, and
most of the parietal, lobes; only the superior
temporal gyrus was not obscured at that part of
the temporal convexity exposed in the operation
field.
The abnormal venules of the angiomatose
areas were of a darker blue than the normal veins
elsewhere. There was no vascular engorgement.
The angiomatose area was fairly sharply delimited
anteriorly; in general the transitional zone to
"normal" subarachnoid space and cortex was not
wider than 5-8 mm. The arachnoid of the
angiomatose areas, and wide of it for 1-2 cm. was
opaque and thickened.
The angiomatose part of the brain was much
firmer than normal, and the gyri in many places
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were somewhat atrophic. On palpation there was
no "step" at the transition to brain of normal
consistence, to indicate any substantial shrinkage
of the sclerosed brain tissue.
The appearance at operation is shown in Fig.I}.
Electrocorticography. which will be
illustrated and discussed later, revealed almost
complete electrical inactivity over all the
8ngiomatose areas, and gross dysrhythmia in the
cortex of normal appearance.
Resection of brain was commenced just behind
the post-central gyrus, in places superiorly
including part of this gyrus where the vascular
anomaly extended on to it. The line of resection
extended downwards and forwards sparing the lower
half of the post-central, snd the superior tempore
gyri. The anterior half of the temporal lobe was
left in situ, and in cutting through it gritty
calcified tissue was evident at the lateral and
inferior surfaces of the lobe.
Superiorly the plane of resection was
perpendicular to the median plane, then it
inclined in a posterior direction to reach the
falx almost at the posterior limit of the
tentorial aperture. The resection passed lateral
to the body of the lateral ventricle for the most
part but included the posterior horn and opened
the posterior half of the temporal horn.





from the calcified brain where it was cut through
inferiorly.
Silver clips in pairs were applied to the
margin of the resection at the convexity (in
addition to others necessitated to control larger
veins). Pour such pairs of markers can be seen
in Pig.5 from a film taken four years after
opera tion.
Pig. 5
The patient recovered with a left hemiplegia,
motor recovery commencing in the lower limb after
five days, and at the left shoulder in ten days.
The hand and wrist remained completely paralysed
and spastic. Gross loss of proprioceptive
sensation in the limbs on left side, ?/ith some
recovery in the lower limb in the ensuing year.
-1b-
An operative infection necessitated removal
of the hone flap five weeks after operation, and
hy choice it has not been replaced. Plsques of
ossification are appearing in the craniectomy gap*
The post operative history with regard to
epilepsy is noteworthy. One generalised major
attack occurred on the fifteenth post-operative
day and phenoharhitone was recommenced, gr.i, b.d.
A single major convulsive attack occurred nearly
a month sfter operation, and five days after the
wound infection was discovered. In this attack
the paresed left side of the face and left upper
limb were first involved, and before the attack
was over, in two minutes, lesser convulsive
movements affected the left lower limb, then
spread to the lower limb and trunk on the right
side. The head was turned to the left; the upper
limb and face on the right side were not involved.
Consciousness seemed to be retained throughout the
attack. Phenobarbitone was increased to gr.iii.per
diem, with Spanutin gr.iss., b.d.
The later history is one of progressive
disappearance of the epilepsy, with gradual
withdrawal of anticonvulsant drugs until they vsere
stopped one and a half years after lobectomy.
When the patient was lsst seen in September
1957 (aged 21), the freedom from epilepsy was
continuing, without drugs. No temperamental
lability.
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Progressive improvement in practical capacity
was reported, and she had heen in paid part-time
employment as a home-help for seven months. Her
left hand remains useless, though spasticity has
lessened: resumption of wearing of a cock-up splint
and a course of physiotherapy again is likely to
restore some function to this hand. Her reading
and writing performance is that of about age ten
years: she attends reading classes at a special
school.
Her shyness is less and self confidence much
improved. Perhaps the successful obscuring of her
facial naevus with make-up has contributed thereto,
It has been suggested by Iannuccelli (19U9)
from studies of skin temperatures on exposure, and
sweating, that the naevoid area behaves like skin
in a sympathectomised area. Sweating tests are
planned shortly but on the evidence from Cases III
and IV., are unlikely to show anidrosis.
Opportunity will be taken also to check the ocular
tensions, because the optic cup on the side of the
naevus is now rather deeper and paler than its
fellow, although the globe does not feel
glaucomatous.
Recent electroencephalographic examination
showed some low amplitude delta and theta activity
from the right temporal region but no strikingly
abnormal discharges were recorded.
CASEII
HIRE, Rit8: aged 8 years (in 1953)
N;o familial left-handedness.
Born with a naevus flamraeus on the left side
of the face. The only point of note in her early
history is that she "began to talk at the age of
3 years.
At the age of 3 years she had her first
epileptic attacks, initiated "by convulsions of
the right side of the face as she lost
consciousness. At that stage in the attacks,
which were stereotyped, clutching movements of
the flexed right upper limh began, and the right
lower limb "kicked out" repeatedly. In some
attacks the convulsive movements spread to the
limbs on the left side and were often then
altogether more violent. Most of the fits were
nocturnal. They came in groups, and could last foi
a week - day and night, every hour or so. Long
remissions were known, not exceeding three months.
She was never incontinent.
Some improvement in the epilepsy followed
increase of phenobarbitone to gr.ii. daily.
When she was older she was able to describe
an aura of a "crawling" paraesthesia in the
epigastrium.
She had shown left hand dominance from
infancy, but used her right hand for some skills,
in particular for pitching a ball and for dice-
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throwing.
Although backward at school she was said to
be with her contemporaries in age#
No headaches. She was equable in temperament
on the whole, but she usually retaliated
viciously when punished.
Examination showed a freckled child with the
naevus flammeus illustrated in Fig.6.
Fig.6
The potential significance of the naevus on
the upper lip stopping short at the philtrum wss
not then appreciated. This paramedian limit of
the naevus was carried round on to the buccal
aspect of the lip, but on the gum it extended to
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the midline. The alveolar arch was malformed to
the left of the midline, the curve "being flattened
anteriorly. The alveolar mucosa was slightly
hypertrophied, the central incisors were mal-
erupted and of varying degrees of projection. The
lower gum and teeth, and the tongue, were normal.
The palate, which was highly arched, and the
lingual aspect of the upper gum, were also
unaffected.
General examination revealed nothing of note.
She had a "vacant" unintelligent expression, and
the facies of a mouth-breather. The adenoids were
large. Her hands were symmetrical in size, and
the limbs were also symmetrical in length and
girth.
Neurological examination disclosed the
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following abnormalities: complete right
homonymous hemianopia, probably with bisection of
macular vision; right facial paresis of supra¬
nuclear type; slight loss of power in right grip
and of all movements at right ankle and toes.
Paradoxically the tendon reflexes of the limbs on
the left side were brisker than on the right side.
The plantar reflexes were extensor on both sides.
The abdominal reflexes were symmetrical.
The surface of the eyeball and the retina
exhibited no vascular anomaly.
Radiological examination revealed the
characteristic double-contoured gyral pattern of
calcification localised to the left occipital
lobe in approximately its posterior half,
including the pole, (Pigs.7 and 8). Some cranial
asymmetry is also apparent in antero-posterior
view.
When she was admitted to hospital it became
evident that she had no recollection of her
attacks, and denied their occurrence.
Electro-enceuhalographv before operation
(W.Grey Walter, Sc.D»): "On the left side no
abnormal rhythms were seen, only very widespread
complex slow activity. Occasionally brief
abnormal wave-complexes appeared and sometimes
spread to the right side, where they interrupted
the normal slpha rhythms. The flicker test gave
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a small following response on the right, "but none
on the left side. The findings suggest marked
abnormality of the whole of the left hemisphere".
It is to be noted that no electrically
dormant area was found in this case.
OPERATION. 1.7*53* Occipital lobectomy, left side.
Cyclopropane and oxygen anaesthesia.
Craniotomy revealed a normal dura. The scalp
and bone were of normal vascularity. On opening
the dura the characteristic Sturge Weber type of
meningeal angiomatosis was exposed. The dense
carpet of small tortuous venules of even calibre
completely obscured the cortex over an area
extending forwards from the occipital pole for
between 5 and 6 cm., measured along the supero-
medial and infero-lateral borders of the hemisphere.
The anterior limit of the angiomatose area
extended roughly in a curve radial to the pole
between those two points and was rather sharply
delimited except superiorly, where a small area
of more open texture of venous tortuosities
extended on to adjacent gyri.
The abnormal venules were remarkably cyanosed
and this was observable evenly throughout the
pathological area. The photographs (Pigs.9a and b)
were taken with the patient receiving SG% of
oxygen for the purpose of the photographs; this




The arachnoid was thickened and rather
opaque in many places in the angiomatoae area, and
this condition extended widely forwards on the
adjacent cerebral surface. Here and there gyri in
the clear anterior part of the operation field
showed slight focal atrophy without palpable
sclerosis.
The electrocorticography will be described
later.
The lobectomy presented no technical
difficulty, and bleeding was minimal. It was
found that diathermy coagulation applied anywhere
on the surface of the angiomatose area immediately
produced the usual blanched area of coagulation
without any tendency for the vessels to rupture
and bleed.
The plane of resection was carried through
almost perpendicularly to the falx, corresponding
to a radius of about 10 cm., measured forwards on
the convexity from the occipital pole. Ho
important cerebral vein was sacrificed. To the
naked eye the cut surface of the hemisphere
appeared normal. The angiomatose area covered
the medial surface of the occipital lobe, but was
rather patchy in distribution inferiorly.
It had been hoped to record the electro¬
encephalogram from the frontal scalp immediately
after the lobectomy, but the presence of wet
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towelling over the electrodes vitiated useful
recording. At the conclusion when the drapes
had been removed the recordings "became satisfactorj
Delta rhythms observed at first could have been
due to anaesthesia but within two minutes the
records approached normal. However a burst of
abnormal activity heralded a clinical fit of her
usual pattern, just as she was regaining
consciousness.
There were no more epileptic attacks until
the sixth day when frequent twitchings of the
facial muscles on the right side were observed,
with no loss of consciousness. These ceased
after injection of an anticonvulsant. This was
the last epileptic manifestation up to the time
of discharge 25 days after operation. She had
been given Epanutin gr.iss. and phenobarbitone
gr.ss., each b.d«
On recovery from the operation the right
facial weakness was still evident, for a week
rather worse than previously. There was no
paresis elsewhere and tendon and other reflexes
were normal. Depression of joint sense in the
fingers was slight and only a few errors were
made in stereognostic tests with the right hand.
She was seen again about a year later. Pour
probable nocturnal attacks had occurred but none
were witnessed because they were now of short
-27-
duration. All took place soon after retiring to
bed. She had been receiving phenobarbitone alone,
gr.ss. b.d., for the five months before she was
seen and one of the probable attacks had occurred
in that period.
She had become much more helpful in the house
and had shown improved application to other tasks.
Her headmaster reported that no improvement in
her scholastic ability had been observed, and she
was becoming more vicious towards other children.
Her parents commented that she was known in the
school as "Redface" and was often taunted about
her appearance. The facial paresis, present
before operation, had disappeared. The sensory
state of the right upper limb remained unchanged.
She was much less distractable at interview than
before operation. Her scholastic ability was
assessed by her teachers as roughly that of a
child three years her junior.
This patient was reviewed in September 1957,
(four years after lobectomy), and continued slow
improvement in ability and temperament was
reported. Only two very short epileptic attacks
had occurred on successive nights a year previously,
with no incontinence. The best anticonvulsant
medication has been found to be phenobarbitone
one and a half grain and Mysoline three grains per
day.
Recent reports from school indicate that in
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srithmetic, comprehension and word recognition her
age is 6 - 8-g- years: in spelling it is only 5i years.
She is at times spiteful and quarrelsome 8t school,
exhibiting a delight in "bossing" others. The
teachers have difficult phases with her but she
usually becomes amenable. Obviously she is a
problem child at school, but not at home where her
mother dominates her wisely.
Electroencephalograms at intervals have shown
a temporal focus on the dominant side, ipsilateral
to the naevus.
The only new feature on examination is a
hypertrophy of the naevoid upper alveolar mucosa
and increased irregularity there of the teeth. The
bony 8lveolus has also increased in length and
interdental spaces are evident. Motor and sensory
functions in the limbs are satisfactory. The limbs
have developed symmetrically.
Although overt epilepsy is under control this
child's troubles at school may well be related to
the discharging left temporal lobe. Her scholastic
progress has been disappointing and it is questionable
if the lobectomy has been of any direct benefit in
that direction, though perhaps the progressive
deterioration so often reported during school years
has been avoided in this case.
-^9-
CASB III
RICKETTS, Gerald: aged 1U years (in 1950).
The personal and family history contained
nothing of note except that the patient was one
month premature at birth and weighed 5 lbs.
Labour uneventful. Born with a naevus on the
right side of the face.
The first epileptic attack occurred at the
age of 3 months. Prom the start these were of
focal type, commencing with convulsive movements
of the left upper limb, and followed by rigidity
of all limbs and of the body. Consciousness was
sometimes lost, and urine was voided on most
occasions. In addition he had regular nocturnal
enuresis in his early years.
The fits had continued, in general slowly
increasing in frequency, and latterly a transient
post-ictal paresis of the limbs on the left side
had been noted. He hsd been receiving a moderate
dose of phenobarbitone since the age of 3 years
but this had been gradually increased to k grains
daily in spite of which attacks would occur on
the slightest excitement, and spontaneously in
frequent groups of three or four. These more
recent attacks were ushered in by tonic flexion
of the left upper limb which then jerked slowly
into an extended position as the face began to
twitch on the left side. At that stage of the
-30-
fit he often tried to speak through clenched
teeth as the lower limbs became rigidly extended.
At that point he always lost consciousness, and
the attack terminated with clonic movements of the
limbs on the left side.
He was generally irritable and more obtuse
mentally for a day before each episode. Latterly,
incontinence in attacks was infrequent, and post¬
ictal weakness of the limbs had ceased.
The milestones of infancy were passed rather
later than normal. His intellectual development
was grossly retarded and his later education
consisted largely of handwork, at which he was
very slow in acquiring any modest degree of
proficiency. His reading standard when he was
18 years old was about that of a child of 8 years.
His verbal performance and intelligence quotients
were 53 and 5h; full-scale hi. The Rorschach
test gave a mentsl defective pattern. He was well
down in the mental defective range on the Bellevue
Wechsler intelligence scale. His performance on
the Bender-Motor-Gestalt corresponded to the age
of 8 - 9 years. His drawing ability was good.
His spelling was elementary. He was incapable of




The right side of the face showed the naevus
flammeus illustrated in Fig.10. The vasculature
of the sclerotic and of the retina was not
increased. There was no intracranial bruit. The
teeth 8nd palste were normal.
In appearance he was a rather lanky youth,
but well developed. The secondary sexual
characteristics were normal. The limbs were
symmetrically developed.
In cranial nerve functions the only abnormalit
was a slight left facial paresis of supranuclear
type; in particular the visual acuity, and the
fields for white snd colour were full (2/330,
2/2000 white: 10/2000 red).
Motor functions showed a reduction in power
in most of the muscle groups in the left lower
-32-
limb to between 60% and 70% of normal, the left
knee and ankle jerks were increased and the
plantar reflex was extensor. He walked with a
slight limp and a tendency to inversion of the
left ankle at each step. The left upper limb was
normal. The left abdominal reflexes were
depressed.
The sensory deficiencies consisted of gross
loss of joint sense up to and including the left
elbow, but joint sense was normal in the other
limbs. Two point discrimination -20% of errors
with the left hand. Graphaesthesia -50% of errors
with the left hand but there was an occasional
error with the other limbs and the performance was
obviously impaired by his scholastic shortcomings. •
Stereognosis was good in both hands. Vibration
sense preserved.
Radiological examination of the skull (195'4J
showed rather widely scattered faint calcifications
high in the posterior parietal region, stopping at
the approximate level of the parieto-occipital
fissure. Only one of these shadows delineated by
double-contouring a short stretch of cerebral
sulcus. In the antero-posterior view the shadows
were barely discernible, on the right side: marked
cranial asymmetry was apparent. By good fortune
a lateral view taken four years earlier (when he
W8s 1li. years old) was available for comparison,
and there was no doubt that the calcific shadows
Fig. 1 1t>,
-J>u-
had, acquired some substance in the interval.
Arteriography 1950, by exposure of, and injection
into, the right internal carotid artery showed no
paucity of parietal arterial filling, and the
films were considered normal.
The experience with the previous two cases
prompted consideration of lobectomy in this case
and with the concurrence of a neurosurgical
colleague, Mr.D.G.Phillips, under whose care the
patient had been so far, operation was proposed.
Eleotro-encephalography.
A report of March 191+6 (when the patient was
10 years of age) was available. The dominant
rhythm was 6-7 c/s., most evident over the vertex
on both sides. Secondary peaks at 1^-3 c/s. were
detected without focal features. Dr.drey Walter
reviewed the tracings in the light of the
experience in Csses I.and II,and found no
suggestion of a "silent" area. The records of
nine years later, shortly before operation, showed
no noteworthj'- ohange.
OPERATION 12.5.51+. Resection of angiomatose area
of cerebral convexity, right parieto-occipital.
Anaesthesia: cyclopropane and oxygen.
llhile a large bone flap, suitably placed, was
being raised the scalp and bone were seen to be
of normal vascularity. When the dura was reflected
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it was found to be lightly adherent at a few
places only, over the angioraatose area; its deep
surface presented no abnormal vessels.
The angiomatose area in this case extended
on the supero-medial border of the hemisphere
from a point about 2 cm. above the occipital pole
upwards and forwards for 6 cm. Prom this base a
very roughly triangular area of interlacing
venules extended over the convexity almost as far
as the infero-lateral border. Two small areas
with the venules more widely spaced overlay the
cortex, the lowest of which was in relation to
the middle temporal gyrus. They were almost
Isolated offshoots from the main angiomatose area.
Pig.12
The venules in the subarachnoid space were so
closely-set that the underlying gyri could not be ^een,
but on tangential inspection the gyral pattern was
clearly visible. This feature had not been
evident in the previous cases, perhaps because the
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venules in this case were of smaller calibre with
a lumen which would admit a stout horsehair
perhaps. The blood in them was less cyanosed than
in the previous cases, and in most of the area the
colour approximated that of veins in the unaffected
parts of the cerebrum. Two veins of moderate size
coursed upwards towards the midline in sulci, and
the arachnoid in their immediate vicinity was
studded with small calcifications. The arachnoid
membrane was moderately opaque in places over the
vascular anomaly in its main part. The gyri were
not apparently atrophic.
The ''lobectomy" took the form of resection of
a triangular slsb of the convexity, measuring
about 7 om. along each side, including a maximum
depth of 3 cm. on the medial surface of the
hemisphere. It would have been profitable to have
mobilised the supero-medial border at the outset
and to have inspected the medial surface, because
the angiomatosis was sharply limited at the supere¬
medial border of the hemisphere. A rather
shallower resection would have been permissible.
The outlying temporal offshoots of the lesion
were not disturbed. Except medially, the brain
tissue removed was 1.3-2 cm. thick. The
consistence of the brain was normal in the planes
of section chosen.
Electrocorticography will be described later.
On the evening of operation the left upper
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lirnb W8s paresed, the strongest movement "being
flexion of the elbow (about 70% of normal):
shoulder movements were most affected. Next
morning the limb was immobile except for a trace
of finger-flexion. Cutaneous sensation was well
preserved but two-point discrimination and
graphaesthesia for numerals had vanished. Joint
and vibration senses were lost in the distal half
of both limbs on the left side. Motor recovery in
the upper limb began on the fifth dsy, by which
time the lower limb was well on the way to full
recovery. Motor and sensory recovery proceeded
at a satisfactory rate up to the time of the
patient's discharge nearly three weeks after
operation. His gait had returned to its pre¬
operative state, but a residue of paresis in the
upper limb, attributable to the operation, was
still present. A lower quadrantopsia, homonymous
in the left half-fields, was resolving.
One focal convulsive attack occurred about
24 hours 8fter operation, and phenobarbitone was
increased to gr.iii. and Epanutin to gr.ivss.per
day. A few dsys later the phenobarbitone was
halved but major attacks followed two days later,
without incontinence. Three days before discharge
Mysoline 0.75 G-.per day was started and no further
attacks were seen in hospital.
He was re-admitted six weeks later having had
10 attacks at 30 - 2+0 minute intervals throughout
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the preceding night (on Mysoline only as above).
Phenobarbitone gr.ii and Epanutin gr.iii daily
were substituted.
In the ensuing four months he had about a
dozen attacks, none of which were witnessed at the
outset as they were nocturnal. The jactitations
were generalised each time he was reached by his
parents, the whole attack lasting probably less
than a minute. The dose of anti-convulsants had
been halved for two months.
Gradually the epileptic tendency diminished
and at interview nine months after operation it
was learned that only two minor focal attacks had
occurred, on phenobarbitone gr.iii. and Mysoline
0.5 0. daily.
The nocturnal enuresis (sic), which had been
improving before operation, ceased soon afterwards.
Further, he had not been incontinent in the major
attacks v/hich had occurred in the early months
after operation.
A substantial and progressive improvement in
his alertness, independence and purposiveness has
been noted. His work at an Industrial Centre shows
steady progress. He finds his way there and back,
a considerable distance of miles, by public
transport and unaccompanied; his hours of work are
8 a.m. to 5 p.m. His memory has much improved and
he is trustworthy in errands'and in performing
tasks in the household. Previously he had been
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unable to undertake the simplest tasks without
supervision snd had to "be escorted to and from
his special Centre every day.
The patient was reviewed in September 1957.
Mild epileptic attacks continue, consisting of a
straightening of the trunk and limbs, and groping
movements of the outstretched left hand. He seems
to retain consciousness and the attack is over in
fifteen seconds or so. These episodes occur once
every one or two months. He is receiving 0.5 G. of
Mysoline and gr. iii. of phenobarbitone daily.
There is no incontinence.
Traces of a left heraiparesis remain, and his
limping gait is still evident, but the plantar
reflexes are flexor. The sensory deficiencies are
stationary.
At his special Centre he is considered capable
now of trying for some selected paid employment in
carpentry.
A sweating test showed a symmetrical outburst
of sweat on the face. Ocular tension was normal
(18 ram. bilaterally).
Recent electroencephalographic record showed,
as at the previous examination a year ago, some low




EMSOH. Irene: aged 9 years.
She is the youngest of three girls, one of
whom is of a notably high grade of intelligence.
Nothing else of note in family or personal history,
apart from a birth mark on the right side of the
face.
Infancy was normal up to the age of 11 months:
she sat up at six months, was walking before one
year and had acquired a vocabulary of about a dozen
words, including family names.
At the age of 11 months she suddenly started
having twenty or thirty brief epileptic attacks
daily; in each of these she would suddenly flex
both elbows and fall forward unconscious. She
always voided urine. In two minutes she would
suddenly recover and at once resume normal activity.
In one week she lost all of her vocabulary except
"Hallo11 which was used often with many other
meanings: even this vanished in the next year and a
half, during which time she 'was having fits daily
while receiving intermittently a probable bromide
mixture. When she was four years of age pheno-
barbitone in the cautious dosage of gr.5 b.d. was
given for the first time, and that about halved the
attacks, each still associated with incontinence of
urine.
-M-
When she was approaching the age of 5 years
she began to have attacks of longer duration, then
in addition in some attacks convulsive movements
affected the limbs on the left side. Phenobarbitoti
increased to gr.iss. a day, which stopped the minor
attacks, but three or four major attacks a dsy
continued. These convulsive attacks increased in
frequency until Mysoline was given.
Prom the start of the fits at 11 months her
ability to hold her head erect began to fail, and
a left hemiparesis developed progressively. When
h years old she was admitted to the Fountain
Hospital in London, unable to speak but able to
stand and walk unsteadily. She seemed to have no
comprehension, had no interest in toys or other
environment. She was destructive, and her mental
8ge was estimated at 10 months. She had double
incontinence. She was transferred to a special
home near Bristol when her parents moved to the
district. It was thought that Mysoline was
successful in controlling her epilepsy (0.75 G-.
daily).
Examination showed her to be an idiot, with
lolling head, wandering attention, eyes deviating
to either side, drooling saliva constantly. She
was constantly picking up objects and throwing
them to the floor in the manner of an infant.
Every two or three minutes her head would
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suddenly drop forward, her breathing deepened and
alight flexion-twitchings of the fingers on the
left side, then of the fingers on the right side,
were to be seen for a few seconds. In 15 to 20
seconds awareness suddenly returned spontaneously,
or earlier in response to a loud noise. These
recurrent phases were interpreted as epileptic
a ttacks *
She was aphonic, only once uttering a rather
guttural "animal" sound during the consultation.
The distribution of her naevus flammeus on
the right side of the face is shown in Fig.13-
Fig.13.
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The deviation from the midline on the forehead is
obvious: the naevus is hounded by the midline at
the skin of the upper lip. The lip is not hyper-
trophied. The naevus extended on to the buccal
mucosa and reached the midline on the labial aspect
of the gum on the right side, but the lingual gum
and hard palate were normal. The upper right
incisors were slightly irregular compared with
those on the left side.
Slight obesity; (because of her distractibility
it was found impossible to persuade her to stand tc
be weighed or to have height measured). Stature
about average. Apart from a sacro-coccygeal
dimple general examination revealed no abnormal!tie
She was right handed, perhaps under obligation
because of the left hemiparesis. (One paternal
aunt was said to be left handed).
The optic discs were rather pale: no cupping.
Ocular tension symmetrical. Left homonymous
hemianopia. Pupils normal. No facial paresis.
Moderate grade left hemiparesis without
spasticity, asymmetry of tendon or abdominal
reflexes: left plantar response extensor. The
left lower limb was externally rotated at the hip
in \valking.
All that could be established concerning
sensory functions was a symmetry of the corneal
reflexes and of responses to painful stimuli on
the two sides of the body.
-w-
Electro-eencephalography was attempted without
success.
Wassermann and Kahn reactions in blood were
negative.
Radiologically, scattered faint intracerebral
calcifications were evident in the posterior
parietal and anterior occipital regions superiorly
on the right side. None of these exhibited a
double-contour appearance. In antero-posterior
view they lay away from the midline, nearer to the
median plane than the convexity of the hemisphere.
In the light of experience with the previous
cases some hope was entertained that if the very
frequent minor epileptic attacks could be brought
under control with the aid of lobectomy, some
improvement might result in her manageability in
the institution. It seemed rather too optimistic
to hope for the return of some simple language
ability.
OPERATION: 1.12.55. Occipitoparietal lobectomy*
right side.
Anaesthesia: intratracheal nitrous oxide and
oxygen followed by light intermittent Pentothal
intravenously.
The brain posteriorly was exposed on the
right side by a large osteoplastic flap. The




dura mater was decidedly more vascular than in
the previous cases, resembling the condition
common in cases of vascular meningioma, in the
vicinity of the tumour. Intracranial tension was
normal.
When the dural flap was reflected its deep
surface displayed, in a roughly circular area
3 cm. in diameter, a sheet of angiomatose vessels
containing rather red venous blood. It was
paramedian in situation and centred about 5 cm.
upwards and forwards from the occipital pole.
This finding in the dura was unique in the persona!,
series of cases. The circulation in those
angiomatose dural vessels wss restored in about
half a second sfter blanching by pressure. The
margins of this dural angiomatose area were not
sharply defined and medially the area extended
almost to the sagittal sinus.
The cerebral convexity exhibited the
characteristic Sturge Weber type of angiomatosis,
of a rather more open texture than in the previous
cases, except towards the occipital pole, where
the vessels completely obscured the cortical
surface. The blood in the angiomatose vessels of
the more open-textured part anteriorly was not
notably cyanotic but towards the occipital pole
the colour was decidedly darker than in the
cerebral veins wide of the vascular anomaly.
Anteriorly there was no sharp transition from
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sngiomatose to "normal" cortex, as in the previous
cases, the transitional zone extending over about
3 cm. of the surface. The angiomatose area
extended over all surfaces of the hemisphere
posteriorly, terminating at distances of from 5 to
7 cm. anterior to the pole, measured on the
surfaces.
Anterior to the abnormal vascular area the
cortex had an entirely normal appearance but was
firmer than normal up to the level approximately
of the post-central gyrus.
In the upper posterior part of the exposure
a large lake of subarachnoid fluid underlay a
localised area of marked arachnoidal thickening,
close to the sagittal sinus. Two fairly large
cerebral veins of normal colour drained downwards
and forwards from the region of this lake of fluid
towards the lateral sinus. Except at this one
place the cortex showed no indication of atrophy.
The plane of lobectomy was approximately
coronal, cutting the infero-lateral border at
5 cm. from the pole (measured on the eonvexity),
and at 6 cm. similarly at the supero-medial border
The amputation exposed the vestibule and included
the posterior horn. In cutting through the white
matter the consistence was everywhere firmer than
normal, particularly for the centimetre or two
around the lateral ventricle.
The line of resection spared at two points
-2+8-
the anterior limits of the angioraatose area.
The electrocorticograms will "be described
later.
Several mild epileptic manifestations
affecting the limbs and face on the left side
were noted in the first two days. Phenobarbttone
was replaced by Mysoline (0.75 G. daily), and this
was effective for three days. Then twitchings
were seen on the right side only of the body:
phenobarbitone was progressively substituted for
Mysoline. All was well as regards the epilepsy
for the next ten days when periodical bouts of
twitching reappeared on the left side. Epanutin
(gr.iii) was substituted for the Mysoline with
improvement. Epileptic manifestations recurred
sporadically up to a month after operation and
for the two weeks prior to discharge from hospital
she was stable on phenobarbitone alone, gr.ss. b.d„
During her post-operative stay of six weeks in
hospital the child's awareness of her surroundings
improved. She could be fed faster and with less
interference from her aimless activity. Her gaze
was now more sustainedly held by those handling her.
The short periods of head dropping almost ceased
and there were no incidents of hyperpnoea and
alteration of consciousness. Her gait was
improved on its pre-operative state, and she had
suffered no set-back in the use of her left upper
limb.
-i+y-
This child was readmitted to hospital in
August 1957, about eighteen months after operation.
She continues free from epilepsy, and nothing has
been seen suggestive of the former larval attacks.
She has been receiving gr.^ of phenobsrbitone (and
advice was given to raise the dosage).
She walks unaided, though not yet normally.
Head held erect and attention easily held. She
obeys simple commands and can drink unaided if the
cup is placed in her hands. She still has to be
fed, but eats rather than sucks in food as previously.
She behaves in an orderly manner at table. Drooling
of saliva is only occasional. She has been
continent for a year, with regular post-prandial
"servicing". She can give warning of toilet need.
Wet clothes and bed are a thing of the past.
About 9 months ago she had a vocabulary of
three words, used appropriately, but perhaps because
of inadequate phenobarbitone her language retrogressed
for a time, but is returning.
The left upper limb has become more useful,
and she throws a ball with her left hand. Earlier
in the post-operstive period she used her right
hand, 8nd it would seem that a left hand dominance
is asserting itself. She can catch a ball quite
well.
The limbs show no spasticity, hyperreflexia
or clonus, but the left plantar response is
extensor. Her gait shows now no limp.
-50-
An epulis "between the upper right canine and
incisor (on the naevoid side) was removed intact
with the adjacent teeth under anaesthesia, without
incident from haemorrhage. Opportunity was taken
to measure the ocular tensions, and they were
normal (15 mm. bilaterally),
A sweating test showed symmetrical appearance
of sweat on the forehead, but on the oheek and
naevoid half of the lip beads of sweat were about
one minute delayed in appearing.
Progressive improvement in this child's
capacity is anticipated over the years, and it will
be a matter of supreme interest to observe whether
her language apparatus can be brought into sction




WALKEY. Andrew: aged 8 months.
Birth weight 10 lbs. At the age of 5 months
he began to have periodical focal convulsive
attacks, confined to the left side of the body,
lasting for about five minutes, associated with
loss of consciousness. These recurred four times
in six weeks, and in addition brief attacks of
cyanosis and loss of consciousness were noted,
sometimes twice in a day. On a small dose of
phenobarbitone these disturbances were much
lessened.
-52-
A naevus flammeus was evident on the right
side of the face, affecting diffusely the forehead,
eyelids, whole of cheek and temple, extending hack
to the root of the ear, transgressing the midline
of the nose, hut exactly in the midline of the
upper lip. The lower margin of the naevus was not
very sharply delimited; it extended down helow the
level of the mouth towards the angle of the jaw.
Patchy extensions of the naevus reached towards
the vertex on the scalp. The naevoid state
affected the mucosa of the lip and gum, and hard
and soft palate, and was hounded hy the midline.
The dentition was regular and proceeding normally.
The scalp on the left side showed a long oval
naevoid patch measuring 7x3 cms. to the left of
the midline and reaching forward as far as the
hair-margin.
The conjunctiva on the right side was slightly
reddened, with an excess of fine vessels, hut the
sclerotics were almost symmetrical in vascularity.
The glohe of the right eye was enlarged, and
the iris at least 2 mm. greater in diameter. The
pupil also was larger on the right, seemingly in
conformity with the huphthalmos.
At the midline of the forehead a hony step
was visible and palpable, caused hy the right half
of the frontal hone heing either thickened or
ante-posed relative to the level of hone on the
left of the midline. The hone here was not clearly
thickened in standard radiological views of the
-PP~
skull, and tangential views suggested the
prominence to be genuinely due to ante-position of
the right half of the calvarium anteriorly. The
difference in levels on the two sides was probably
no more than 3 mm. at most.
In other respects the infant was well-developed.
The face was symmetrical. The maximum girth of the
skull was 18^" (1+7 cm.). Pontanelles normal.
The ocular fundi showed only a pallor of
nasal halves of the optic discs. By confrontation
test with a coloured light a complete left
homonymous heraianopia was readily demonstrated.
The limbs moved symmetrically: the plantar responsejs
were still extensor,in type.
Pour months elapsed before this patient could
be admitted to hospital, at the age of 1 year.
Only two small focal attacks had been observed in
the interval. The infant had not yet attempted to
sit up and his vocabulary consisted merely of
"Mum", "Dad", and "ta-ta", - rather less than mighl
be expected in this alert, lively and cheerful
little person were language functions developing
normally. 'The left upper limb was beginning to
lag behind in normal motor activity: tendon
reflexes were symmetrical and plantar reflexes
now flexor.
The films of the skull still showed no trace
of intracranial calcification (stereoscopic views).
Electr©-encephalography will be discussed
-5k
later.
It was still considered that no good
indication for lobectomy had yet appeared. A
small craniotomy was made over the occipital
convexity on 23.3*56, to prove the existence of
the angiomatose state of the meninges and to
obtain a biopsy. The exposed gyri were found to
be almost completely obscured by a feltwork of
venules of fairly uniform size. The blood within
was of a reddish-purple colour - certainly not in
the least cyanotic. A block about 10 x 15 mm. of
whole thickness of cortex was removed for study,
without the slightest inconvenience from
haemorrhage.
Four days later a series of seizures of his
usual type commenced, and it was about half an
hour before they were brought under control by
drugs. This provided an adequate indication to
proceed to lobectomy.
OPERATION: 6.1+.56. Occipito-parie tal lobectomy,
right side.
Anaesthesia: intratracheal nitrous oxide and
oxygen with intermittent light Pentothal.
The occipital and a considerable part of the
parietal and temporal lobes on the right side was
exposed. The soft tissues and dura, but not the
bone, were rather more vascular than in the
previous, older, cases. The lepto-rneninges were
-55-
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seen to be occupied by myriads of minute tortuous
venules, covering the occipital lobe from the pole
forward for 7 cm., measured along the upper and
lower borders of the convexity. At the anterior
limit of the angiomatose area superiorly, overlying
posterior parietal gyri, there was a tangled leash
of veins of the normal blue tint: this area was
about 2x2 cm. in area. At the infero—la teral
border lay a similar arrangement of veins, of
about 1.5 x 2 cm. area. Later, when the cerebral
resection was being effected, these larger veins
were seen to lie entirely in the plane of the
leptomeninges. One large vein about 3 mm. in
diameter coursed vertically upwards from the
anterior limit of the angiomatose area for k cm.
before disappearing into the brain just forward of
the abnormal vascular network. The medial and
inferior aspects of the hemisphere posteriorly
were covered by the same vascular network as far
forward as the posterior limit of the histus
tentorii, without any larger veins being apparent.
Only two superior cerebral and two inferior
cerebral veins, all of normal size, drained into
the superior sagittal and lateral venous sinuses.
The blood within the network of anomalous
venules was not of cyanotic colour. No
"arterialised" veins were to be seen.
The lobectomy was commenced along a line
corresponding to a radius of 7 cm. from the
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occipital pole, coincident for the most part with
the anterior limit of the vascular anomaly hut
including interiorly a small ares (ahout 1.5 x
1.5 cm.) of cortex of normal appearance. The
"plane" of resection extended medially and slightly
posteriorly to reach the medial surface at a level
ahout 1 cm. posterior to the free margin of the
falx (at its junction with the tentorium). The
midbrain showed no abnormal vasculature.
Electrical recordings were made from the
surface and from the substance of the occipital
lobe, which will be described later.
The immediate effect of this operation was a
complete paralysis of the left upper limb, gross
paresis of the left lower limb, and slight facial
weakness. It was not until the third post¬
operative day th8t the upper limb began to show
motor recovery.
Convalescence was marred by a staphylococcal
(operative) infection manifest by accumulation of
infected fluid under the healed scalp flap, but
without the clinical picture of meningitis,
although the lumbar C.S.P. contained several
hundreds of polymorphonuclear cells/c.mm. for a
time«
No epileptic disturbances were observed
after operation for three weeks, and the operative
infection may have played a part in their
recurrence at that time, affecting face and arm
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on left side only and of Jacksonian type ("brief
and without loss of consciousness). The "bone flap
had to be removed at a further operation on 30.lw5<>,
at which evidence of a very indolent infection
within the cavity remaining after lobectomy was
apparent. After this procedure recovery was fairly
rapid. The left upper limb soon returned to its
pre-operative nearly-normal activity and all trace
of facial weakness vanished.
Occasional twitchings of the left side of the
face and of the left upper limb persisted in spite
of phenobarbitone gr.|- b.d. until nearly two months
after the lobectomy. During his last two weeks in
hospital no twitchings were seen, and the child
was trying to sit up. for the first time. The lefn
upper limb was in its pre-operative state but
power in the lower limbs was symmetrical, and the
plantar responses were flexor. Tone and tendon
reflexes in the limbs were symmetrical. He was
beginning to learn a nursery rhyme, but little
account can be taken of that advance because he
was three and a half months older when he left
hospital.
It was thought possible that replacement of
the bone flap would not be required because of the
likelihood of regeneration of bone, especially
after an indolent infection in the field of
opera tion.
The future history of this case is of
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importance. The anomaly was extensive and the
future could reasonably be considered dubious for
the child without lobectomy. He was already
retarded before operation.
The boy is now two years old (September 1957)
and his fits have not been fully controlled.
He spent a week in hospital seven months ago because
of an outburst of convulsions in spite of continuing
treatment with phenobarbitone gr. ss., b.d.; an
increase thereof has been advised. He has periodical
brief phases which seem very like "absences".
He has been moving his left hand more and
more in the past nine months, but ignores the hand
or deliberately avoids using it much in play. He
cannot stand or walk unsupported and the earlier
promise of language development has not been
maintained because his vocabulary is no greater
than a year earlier and he became aphasic again
with the epileptic outburst.
He is very active, mainly crawling about
without evidence of hemiparesis and he can progress
erect independently if helped by holding on to
furniture. The plantar responses are flexor.
The parents state now that there is left
handedness in the family; a maternal uncle, and
paternal grandfather of the child are left handed,
and his mother has a degree of left handedness,
so that there is support for the belief that the
-60-
hemisphere affected in the angiomatosis is dominant
in this child.
The median "step" of "bone at the forehead is
still evident snd palpable.
-61-
CASE VI
YATES, Lucianne: aged 8 years.
Youngest of four children, the others being
normal in every way. Born at term, normal except
for a facial naevus on the left side.
Her early development was normal, and indeed
was considered to be in advance of that of the
other children in infancy. She had a three-word
vocabulary at the age of 10-g- months, when she had
her first (nocturnal) convulsion, which continued
for about half an hour, either continuously or
consisting of a succession of attacks. She was
admitted to a small local hospital and further
attacks may have occurred. During the first week
she developed a gross right hemiplegia end became
aphasic.
Her development seems to have had a bad set¬
back because it was not until she was 14- years old
that she was able to try progression with the aid
of a wheel-frame, and at that time also she began
to learn again to speak.
There were frequent minor attacks in groups
at intervals up to the age of 1-g- years, in which
she stared, made sucking gurgling noises, slight
movements of the limbs occurred, and urine was
voided. She was receiving phenobarbitone gr.ss.
b.d.
After the age of 1-g- years the attacks
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conspicuously lessened, on the same dose of
phenoharhitone, and since then they have taken the
form of an "absence" shortly preceding a fall to
the ground and voiding of urine.
She became able to walk independently at the
age of 5 years. Her right hand has never
developed ability for skilled movements. The
right facial weakness is slowly diminishing. She
cannot be left to run about unobserved because she
falls frequently and bruises herself.
She is unable to read any letters and cannot
write. Her drawing is very poor. Conversation is
good, with some long words. Intellectually she is
improving.
Her temperament is satisfactory; she is
obedient and helpful, and not malicious. She is
clean in her habits.
The skin lesion was treated with Thorium X
in earlier years which seems to have been of
definite benefit.
Examination showed 8 well-developed child of
friendly disposition and of some intelligence,
though co-operation was impaired by distractibility




The naevus involved the left cheek as far
down as the corner of the mouth, the left side of
the nose-, transgressing the midline considerably
but bounded by the midline at the upper lip. The
naevus extended to the upper eyelid and included
the skin above the eyebrow, with a broad tongue
running up towards the hair-margin. Several lineal
oval naevoid areas were to be found on the scalp
extending to just behind the vertex.
The left half of the upper lip was slightly
enlarged. The buccal mucosa was of a reddish
purple colour, and this extended on to the upper
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alveolus on the left side as far as the midline.
The affected alveolus was slightly enlarged, and
interdental spaces were increased. The upper
teeth were somewhat irregular on "both sides, and
widely-spaced. Palate normal.
The face was symmetrically developed. The
limbs were of equal length and girth.
She was thought to be right handed but had to
use her left hand dominantly for skills and for
play.
The optic discs were pale with sharp margins:
cups symmetrical. Normal ocular tension (by
palpation only) and globes symmetrical. The iris
on the side of the naevus was browner than its
fellow, and that can be seen in Pig.17- Complete
right homonymous hemianopia, perhaps with slight
central sparing. Right supranuclear facial paresis
evident only on smiling.
Grip and elbow movements on the right were
about J0% of those on the left: equal power in
lower limbs. Poor associated swing of right upper
limb. Gait showed a "cast" to the right when
bearing weight on the right hip^and in running and
hopping the slight motor deficiency of the right
lower limb was apparent. However, tendon and
plantar reflexes were normal.
On the sensory side all that could be found
was a deficiency of joint sense in the fingers of
the right hand. Stereognosis was preserved in the
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hands.
She was able to obey simple commands. Other
aspects of her language ability have been mentioned
above. In addition a slurred quality of diction
was noted and normal intonation was lacking.
Vocabulary and sentence construction was considered
to be that of a six year old child.
Electro-encepha1ography: 7.6.56. (Burden Institute)
This will be detailed later, but it is
sufficient now to state that "quietening" of the
normal rhythms and responses was seen in the
occipital lobe on the side of the naevus, while
epileptic discharges were seen from the left
temporal lobes and the whole of the right
hemisphere.
The radiological evidence in this case is of
particular interest. Films made at the age of 2
and Aj. years, when the patient lived in the Exeter
area, were available by courtesy of Dr.N.S.Alcock.
These, with the films of 1956, form a series
demonstrating the progressive deposition of
cortical calcification. The films are reproduced
later, in discussion on the process of calcificatic
This patient has been latterly under the care
of Dr.St.J.Elkington of London, and she was
examined in Bristol with his concurrence, for whici
due acknowledgment is made.
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GASE VII
DAYIE3. Megan: aged 2l\ years.
This patient was seen only "because of the
clinical interest of the case; advice was not
sought "because of symptoms referable to the
vascular anomaly.
There was nothing of note in the family
history. One healthy much younger sister. Pull
time normal birth, but the infant vras slow in
starting respiration.
Born with extensive naevi flammei, mainly on
the right side of the body.
Seizures commenced at the age of 2 months, in
which the eyes deviated to the right, and the
limbs on the left side were extended tonically:
no convulsions, no pallor: duration about 15
seconds, then sudden recovery. For day after day
following the onset she had up to 16 attacks daily,
and a gross left hemiplegia was quickly established.
Prior to this there had been no ssymmetry of limb
movements. Anticonvulsant tablets, of uncertain
nature and dose, were ineffective, but after a
month the frequency of attacks diminished.
In childhood she had long remissions of
several months even without treatment, then the
attacks would gradually return, larval at first.
Those epileptic phases were of several months
duration each time, and after some two or three
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months with the attacks at their maximum, would
8gain subside progressively.
For some years, certainly after the age of
16 years, the left side of her face has shared in
the tonic contraction, but there has been no
clonic display in the limbs or face. In many of
the attacks she retains consciousness.
She was not incontinent in the attacks during
early years but very occasionally urine has been
voided about once a year, always in one of many
nocturnal attacks.
She remains physically much handicapped and
has, for instance, to mount stairs backwards, which
she can achieve unassisted. She hss to be assisted
with her clothes. She is, however, thought at
home to show in many respects a normal intelligence.
She is good at drawing, and is presently occupied
doing one-finger typing of letters for the Spastic
Centre in Bristol which she attends daily. She is
sweet-tempered but has twice shown violence to her
mother, independently of overt epileptic attacks.
On examination she was petite snd thin. The
naevus covered the whole of the right side of the
face except for a white strip which, curiously,
corresponds to the fissure between the maxillary
and mandibular portions of the face. The naevus
was of 8 dusky purple colour and did not blanch
completely on pressure, like the naevi in the
preceding cases. Fig.18 shows the extent of the
naevus and the transgression of the midline. It
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wes bounded by the vermilion margin of the lip
and the mucosa of the mouth was unaffected.
Pig.18
Naevoid skin was to be found also extending
a short distance into the hair-bearing scalp, on
the front of the neck, clavicular and upper sternal
regions, mainly on the right side; and back,
buttocks and lower limbs bore naevoid patches of
varied but considerable size. The upper limbs
were devoid of birth marks.
There was heterochromia iridis, the right
being brown and the left grey-green. No
buphthalmos or glaucoma. The sclerotic of the
right eye was of a darker tint than normal
inferiorly.
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Gross thoraco-lumbar scoliosis, concave to
the right, with slight kyphosis. The right upper
limb was the shorter by about 2 cm.; it was
thinner and more delicate in build and the hand
was smaller and slenderer. Lower limbs symmetrical
except for a smaller left calf (girth 2k cm. as
against 25,5 cm.).
Visual acuity normal on both sides (corrected).
Complete left homonymous hernianopia. Right ocular
fundus not seen because of a "pin-point" fixed
pupil. It was not known when this state of the
pupil appeared. The left optic disc was pale with
normal margins. The left pupil was medially
displaced and not quite circular; its reactions
were normal. The left eye deviated outwards at *
rest.
A mild cutaneous sensory depression was found
on the left side of the face. No facial paresis.
Nothing of note concerning lower cranial nerves.
Gross paresis - almost a paralysis - of the
left hand so that she was just able to pick up a
pencil clumsily, but power at elbow snd shoulder
was about half that of the right side. Very poor
pronation and supination (left). Loss of power in
the left lower limb was slight but the foot was
held in the plantar flexed position. Muscle tone
and tendon reflexes were subnormal on the left but
the plantar reflex was extensor on that side.
Abdominal reflexes equal.
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Co-ordination of movements in all four limbs
was conspicuously poor, especially on the left
side. She stood on a broad base and swayed
dangerously to either side on trying to walk
unassisted.
No depression of touch sensation was
demonstrable except on the left side of the face
and part of scalp. Pain and temperature
modalities seemed to be increased on the left side
below the umbilicus, but normal elsewhere up to
the face. Joint sense was defective distally in
the left upper and lower limbs, and vibration
sense was also impaired similarly.
The roentgenograms in this case also are of
particular interest for several reasons. The
gyriform calcifications extend forward into the
right frontal lobe. Further the calcifications
nearly reach the calvarium only posteriorly in
lateral views and then a broad column of somewhat
gyriform shadows, without the double-contouring
appearance, extends forwards. In stereoscopic
views this anterior extension is plainly seen to
be well within the substance of the hemisphere,
and it is not quite clear where the cavity of the
lateral ventricle lies within this ops que zone.
As in all the reported cases, the calcifications
fade out anteriorly. This columnar forward
extension of calcium deposits has been apparent
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in several of the similar reported cases which will,
later "be discussed,
In antero-posterior view the images are too
confused to afford further information. The mannei
in which the median occipital calcifications fall
short of the midline is remarkable and rather
difficult to explain, as in the other personal
cases, unless it be assumed that during development
the falx has been bodily shifted to the abnormal
side or, more correctly, has developed "off-centre' .
This is quite probable because there is in this,
as in so many other cases, a degree of hypotrophy
of the cranial chamber on the abnormal side.
Oarotid arteriography (18,7.56) with
stereoscopic lateral exposures gave further
information in this case. Cortical arteries were
seen to extend out normally to the calvarium, thus
disposing of the unlikely possibility that the
cerebrum was very grossly atrophic. The attached
prints (Fig.20a) are stereoscopic.
The arteries posteriorly did not fill so that
there was no helpful evidence from the arteriograms
as to the state of affairs at the parieto-occipitad
region, for instance, where it would be most
informative in this case.
Burr holes made in the skull would have
settled the question but there was no clinical
justification.for proposing an operation in this
Fig. 19.
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case, particularly as the patient did not seek
neurosurgical advice.
Her outstanding physical disahility, apart
from the palsy of the left hand, was an ataxia.
Taking into account also the lack of hyper-
tonus and weak tendon reflexes in the limbs, there
can be little doubt that this patient also has a
cerebellar hypotrophy, probably on both sides.
Unilateral cerebellar atrophy has been described
in a few cases of the Sturge Weber syndrome and
will be referred to again in the section Comments
on the Literature. Gushing (1906) found a small
trigeminal ganglion on the side of the naevus in
one of his cases. If a similar abnormality be
present in this patient it is of course contra¬
lateral to the naevus.
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EMBRYOLOGICAL CONSIDERATIONS
It will be noted that in all of the personal
cases here described, the facial naevus involves
the skin of the forehead and upper eyelid. A
survey of the literature confirms that this seems
to be almost an unbroken rule in the Sturge Weber
syndrome. Only one case has been found displaying
the cortical calcifications in the posterior part
of the hemisphere which did not conform to this
rule •
In contrast, when the naevus lies exclusively
below the level of the eye the Sturge l?eber changes
are not found. Pig.21 illustrates a case studied
(by oourtesy of Mr.D.Bodenham, plastic surgeon in
Bristol): this patient has had no hint of epilepsy,




A personal case, Pig.22, with a facial naevus
has neither intracranial calcification nor
epilepsy; the hoy, aged 6 years, is mentally
retarded.
Pig.22
A further Bristol ease (under the care of a
neurosurgical colleague, Mr.D.G.Phillips) shows
sparing of the pertinent area. There are no
calcifications but there is a history of epilepsy
and a degree of cerebral 8trophy has been revealed
by air encephalography. No direct information is
to hand about the vasculature of the brain in this
case.
Pig.23
Pigs.24 and 25, from a paper "by Strbbel (192+2]
whose patients were considered to be examples of
the Sturge Weber condition, are relevant to this
discussion. Neither patient suffered from
epileptic attacks, and there were no intracranial
calcifications; their neurological syndromes were
indefinite but were presumed to be significant.
(Reference will be made later to Pig,25 in
connection with the distribution of the naevus on





The surveyed literature provides 343 cases
with a naevus flamraeus of the face, of which 170
cases are typical of the true Sturge-Weber anomaly;
in 169 of these the supra-ocular part of the face
is involved. On the other hand there are very many
cases described as examples of the Sturge-Weber
condition (in children or adults) in which the
characteristic gyriform calcifications are lacking
as evidence of intracranial angiomatosis, and in
many there is no history of disturbance relating
to the central nervous system. In all of those
the supra-ocular part of the face is largely or
completely devoid of naevoid skin.
All these facts seem to establish some
significance in the presence of the naevus in the
supra-ocular part of the face. This point was
discussed by Kautzky (1949) who endeavoured to
trace a common nerve-supply for the supraorbital
skin and the meninges posteriorly, and postulated
a parasympathetic overactivity in the embryo as
the cause of the cutaneous and meningeal vascular
a nomalies.
Yakovliev and Guthrie (1931) see an influence
of the sympathetic nervous system suggested in the
morbid anatomy of the condition in some cases.
The curiously wide separation of the two main
manifestations of the disease has long occasioned
comment. It is pertinent that the ;juxta-ocular
portion of the fsoe, and the visual part of the
cerebral cortex are concerned in the malady. The
work of Streeter (1918) on the early development
of the vascular system of the head in human embryos
provides some clues.
A preliminary generalisation of Streeter is
worth quoting, though it is not relevant to the
present argument:
"The embryonic vascular apparatus is
continuously adequate and complete for the
structures which it serves at any particular stage.
There are no apparent ulterior preparations at any
time for the supply and drainage of other
structures which have not yet made their
appearance. For each st8ge it is an efficient
and complete going-mechanism, apparently
uninfluenced by the nature of its subsequent
morphology".
There would seem to be no "stages" in
embryonic development, which is in reality a
continuum. Stages are however a descriptive
convenience and necessity.
According to Streeter the neural circulation
apparatus consists first of primordial endothelial
blood-containing channels which are neither
arteries nor veins; they are the fore-runners of
the differentiated blood vessels. Over the
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forebrain and midbrain the primitive vessels have
a plexiform arrangement; this is peculiar to the
fore- and midbrain.
For convenience Streeter defines five periods
up to the formation of arteries and veins of the
head recognisable in their adult form. In the
first period the plexiform arrangement noted above
is present. In the second, primitive arteries,
capillaries and veins are differentiated; for the
first time they become architecturally suited to
the flow of circulating blood. The third period
sees a lamination of the primitive head circulation
into three layers - for the brain wall, for the
dura and membranous skull, and for the skin. The
layering prooess begins at the base of the skull
and extends towards the vault and vertex. In this
manner the cerebral vessels are progressively
separated from the dural vessels. Similarly the
superficial vessels of the head become isolated
by the laying down of the priraordium of the
membranous skull. After this the course of
development of the superficial vessels is quite
independent of that of the dursl and cerebral
systems.
The fourth and fifth periods are concerned
with adaptation of the circulation to the rapid
growth of the brain and particularly of the
hemispheres, and the maturing of the vascular
pattern to a recognisably adult form.
It is of interest thst Streeter found the
vascular pattern to he virtually constant in
different human embryos of comparable size.
V. card. post. ^umbildext
Fig. 22
Pig.26
Above is a photograph of Streeter's
reconstruction (fig.26) of a 2+ mm. (crown-rump)
embryo.
The cerebral hemispheres are represented only
by that small part facing the bulbus of the
primitive heart. The close relationship of the
optic vesicle to the whole of the hemisphere is
obvious, and it would seem permissible to infer a
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oloser juxtaposition of the tissues which 8re to





The state of the circulatory apparatus in the
11.5 mm. embryo is illustrated in Fig.27. The
plexiform vessels on the surface of the primitive
cerebrum are figured only in the occipital region
for clarity, but are to be regarded as investing
the whole of the cerebrum and midbrain. The
primitive eye has moved away from the occipital
region of the hemisphere. At this stage the
cleavage of blood vessels into their three layers
is not complete, but the independence of the
cerebral blood vessels has been well established.
The theory can be advanced that the Sturge
Weber type of vsscular anomaly appears exceedingly
early in development, at a time when the ectoderm
which is to form the skin of the upper part of the
face overlies that part of the neural tube destine^
to form the occipital lobe. The superficial and
deep manifestations of the vascular maldevelopment
become widely separated with growth of the cerebral
hemisphere.
A further theoretical point emerges. If the
supraocular area of ectoderm at first overlies the
primitive occipital lobe then the ectoderm for the
lower parts of the future face might well be
related contemporarily to the primitive
mesencephalon and mid brain. Streeter has indicated
the limited extent of the primordial vascular
plexus in his first stage, which may explain the
absence of the Sturge-Weber type of angiomatosis
from the midbrain, and cerebellum particularly,
even when the nsevus affects the whole of one side
of the face.
It is further to be noted thst the venules in
the angiomatose srea of the brain are almost
entirely of small snd uniform calibre, with a
plexiforra pattern suggestive of derivation from an
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erabryonic vascular network, probably having no
directional flow of blood within it at an early
stage.
It is now of interest to speculate what might
be expected if an angiomatous malformation
affecting the skin of the face and the brain were
to appear later in embryonic development, when the
proportions of the cerebral hemispheres had been
more defined and the developing blood vessels were
more mature. It would be reasonable to suppose
that the cerebral lesion would be located more
anteriorly in the cerebrum. A further permissible
fantasy would allow that the vessels in the lesions
might be of larger size, having developed
abnormally at a later stage in embryonic life. Th^re
is no shortage of cases conforming to this idee.
By courtesy of Dr.R.M.Norman (Regional Neuro¬
pathology Laboratory, Bristol), his photographs of
one of his cases sre here reproduced.
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Pig.28
The patient, aged 36, was an inmate of an
epileptic colony. A clinical description was
given "by Bates (1937) under the title of "naevoid
amentia". Long-standing motor defects were evident
in the contralateral upper limh and the optic cup
was deep on the side of the naevus. Radiological
examination showed gyriform calcifications in the
Sylvian region on the side of the naevus.
In due c,ourse the specimen became available.
Enlarged veins were evident at the surface of the
brain on both sides and on the right side (that of
the naevus) a limited area of angiomatosis of
Sturge Weber type overlay cortex in the Sylvian
region: the calcifications corresponded to this
area.
On coronal section of the hardened brain at
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posterior frontal levels an intracerebral angioma
was revealed on the left side. (Fig.29): no
photograph is available of the section of the right!
hemisphere, which however showed little penetration
of its substance by abnormal veins, in contrast to
the state on the left side.
Fig.29
Cortical calcification was present only on
the side of the facial naevus. The radiological
appearance of the specimen is shown in Fig.30.
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Pig.30
This is an important case, in showing that
the Sturge Weber anomaly can occur coincidentally
with intracerebral angioma, but it is a rare
accompaniment. Lichenstein (1954, Case 3) and
Livingston et al. (1956, Case 5) describe cortical
calcification in patients with facial naevi and
intracerebral angioma, and Giampalmo (1940) -
without a naevus.
The facial naevus in this case of Bates and
Norman was rather verrucose, a feature notable in
some other esses of intracerebral angioma with
facial naevus. It is tempting to speculate that
88-
this quality of the naevus might corroborate the
hypothesis of a rather later embryonic origin of
the vascular anomaly in cases of this type, which
in any event ought to be excluded from the Sturge
Weber category. The angiomate it is to be noted
were not occipital or parietal in this case, which
might be permissible as an argument supporting the
later origin of the vascular anomaly in this and
similar cases. The lesion in Kalischer's case
was Sylvian in location; his figures indicate the
angiomatous trend of the vesselB which did not,
however, penetrate into the cortical substance and
in that respect conform to the morbid anatomy in
the Sturge'Weber anomaly. The absence of
pericapillary calcification in his sections is
odd, and although his case has been here included
in the "acceptable" group, Kalischer's case (aged
1-g- years) may not have been truly an example of
the Sturge Weber malady as strictly interpreted.
THE "TRIGEMINAL" DISTRIBUTION OF THE FACIAL NAEVUS
For long it has been traditional to relate
the distribution of the facial naevus to that of
branches of the trigeminal nerve, and Gushing
(1906) placed emphasis on this aspect of the
malady. If we examine the evidence critically,
however, objections to this conception appear.
In the first place in nearly every case the
naevus transgresses or falls short of the midline
-89-
in places, yet the exactly median limit of a
trigeminal sensory field is common knowledge.
Pig-31
The second point concerns an important clue
which is to be found in Case II. Pig.31 demonstra
that in the upper lip the outer margin of the
philtrura forms the boundary of the naevus; in the
mouth the naevus comes again to the midline at the
upper gums. (Pig.32).
In this child it can be inferred that the
ectoderm of the globular process of the maxilla
w8s spared. The boundary here of the naevus
conforms to the defect in cases of hare-lip.
-90'
Fig.32
This is not a unique case. Two further
illustrations from the literature are given.
Fig.33
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Fig«33 is from a monograph by Larmande (19U8)
reproduced from a medical museum in Paris, without
clinical details.
Fig.25., from the paper by Str&bel (19I4.2)
referred to previously, insofar as the naevus is
concerned illustrates the detsil under discussion.
Thirdly, the area affected by the naevus in a
case such as that reported by Kleyntzens (19I+8)
surely suggests the distribution of the naevus is
a matter of chance (Fig.3^)*
Fig.3U
There seems to be no salient objection to the
assumption that the distribution of the facial
naevus is determined by the lay-out of the
processes and fissures,in the development of the
face, and that the trigeminal relationship is
secondary and fortuitous. Krabbe (1955) in a
Festschrift expresses the same view.
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Virchow (1887) considered that the emhryonio clefts
might be of importance in determining the
boundaries of a facial naevus. He went on to
propound a theory that "small irritative phenomena'
in the vicinity of the clefts might cause
proliferation of blood-vessels. This hypothesis
is not attractive.
In passing, the dominantly unilateral
affection in cases of Sturge Weber disease is
noteworthy.
THE INTRACEREBRAL CALCIFICATION.
It is generally agreed that the intracerebral
calcifications in the Sturge Weber malady are to
be found characteristically on the outer surface
of cortical capillaries. In addition, mineral
concretions which can attain a relatively large
size, lie within the substance of the cortex, and
microscopically slso within the subcortical white
matter. The cortical concretions are responsible
for the distinctive gyriforra shadows radiologically
apparent in typical cases. These shadows are
often referred to as "double-contoured", an
appearance which is manifestly due to calcification
in opposing gyri in a sulcus, in end-on projection,
(and not quite as figured diagramraatically by
Bergstrand, Olivecrona and Tb'nnis).
The question arises at what age does the
calcification begin, microscopically and
macroscopically.
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The material obtained at operation in Case V.
at the age of one year shows calcification in that
instance to have been under way in the capillaries
of the cortex (Fig.35). The hardened specimen
could be cut without any suggestion of "grittiness".
As expected, the X-ray films of the skull were
devoid of any visible calcifications.
Obviously a histological study of the cortex
of affected infants at birth snd subsequently
would fill in this gap in our knowledge. The
difficulty is that the epilepsy is very seldom
neonatal in onset. In the light of a recommendation
to be made later in this Thesis, opportunities for
-9k-





The series of skiagrams of Case VI. is
pertinent to this topic. It the age of two years
(the first examination) the typical calcifications
are just discernible, and they have been increasing
in area and opacity in the two later films at ages
four and seven years. This child is now eight
years of age, and if, as seems probable, she has
no operation she will provide information as to
the 8ge at which the process of calcification in
her case becomes stationary.
In esse III. some consolidation in the
radiological appearance of the calcifications
occurred between the ages of Ik and 18 years.
Thirty descriptions have been noted in the
literature of examples of the Sturge-Weber malady
in the very young, confirming the absence of
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radiologically visible deposits in infancy.
Worster-Drought (1914-8) had a case in which
calcifications were absent at the age of 8 months,
and had appeared at the age of 18 months.
It seems fairly certain that the characteristi
deposits begin to be discernible radiologically
during the second yesr of life.
A possible relationship between the degree of
cyanosis in the vessels of the angiomatose area
and the degree of deposition of calcium in the
brain falls next for consideration.
The clinical material of this Thesis affords
five cases in which it can be said without
exception that marked local cyanosis wss apparent
81 operation only in those patients with dense
cortical calcification. Tohnis (in the monograph
with Bergstrand and Olivecrona) comments on the
extreme cyanosis of the abnormal venules in his
#
case at operation. The calcifications in his case
were radiologically conspicuous.
In Case III, calcification and cysnosis were
slight, and in Case IV. proportionately rather more
in evidence. In the infant (Case V.) the meningeal
vascular lesion was very definite snd the vessels
close-packed, but the blood circulating within
them was not cyanotic. It is quite probable that
in time gross cyanosis and calcification would
have appeared in this case. This topic of
calcification will be discussed further in the
section dealing with histology.
-97-
Further light on the potential importance of
local hypoxia in the deposition of calcium in the
tissues is thrown by Alexander and Woodhall (19^3),
who described their findings in three cases of
acquired focal damage to the cerebral cortex. The
lesions were epileptogenous and intracortical
calcification h8d occurred. Although the lesions
had been acquired in three different ways the
histological feature common to all was the
persistence in a patent state of a proportion of
the capillaries dispersed fairly evenly throughout
the cortex in the abnormal area.
Pig.39
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Pig*39 shows the vascular arrangement in
normal cortex, and Pig.40 that in their first
case.
Pig.40
The calcifications were confined to the grey
matter of the cortex, with sparing of the outermost
and of the sixth layer in the less havily calcified
areas. The deposits were interstitial and appeared
to h8ve been precipitated at random, without
relation to particular structures. There was no
calcification on the blood vessels, which the
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suthors pointed out, contrasted it with the Sturge
Weber condition and with the cortical endarteritis
calcificans of Gayelin and Penfield (1929). The
adjacent cortex, and the subjacent white matter,
were normal
Fig.M
Figs.Ul and h,2 show the disposition of the
calcium deposits in one of their cases.
-100-
t 4 i* • • * # * .VJ,, ,>
. Ivi
<mm&< .. t • \ % #
«*»





The authors were impressed by the large
number of histologically-normal neurones persisting
among the calcific deposits, and by the evidence
here and there of recent death of a neurone,
although the lesions were of many years standing.
It seemed as if there was a continuing "fall-out"
of neurones with the passage of time. The
persistence of functioning neurones in the
pathological area was felt to have significance
in relation to the epileptogenic nature of the
lesion.
-101-
All three of the patients were benefited by
resection of the diseased area. Meningeal
angiomatosis was not seen in any of the cases.
Alexander and ffoodhall postulate that the
breakdown of lecithin, which liberates phosphoric
acid (Baldauf, 1906j Hanes, 1912), and the
streaming blood in the remaining capillaries,
provides a continuous source of calcium to combine
with phosphoric acid. As will be seen later, the
concretions consist largely of calcium phosphate.
The authors were unable to explain why the
calcification in their cases was exclusively
cortical, but suggested that the lipoids of white
matter might furnish insufficient amounts of
phosphoric acid. They mentioned the application
of these ideas to the Sturge-Weber condition, and
thought that the venous stasis was the primary
state and the calcification secondary. They had
no explanation for the perivascular deposition of
calcium in the Sturge-Weber anomaly.
Lichtenstein (1936 and 195U) thinks that a
progressive deposit of calcium salts on the
capillary walls could well cause hypoxia of the
tissues. He supposes that the small hyaline core
often found at the centre of the larger concretions
represents the remains of a blood vessel. This
hyaline core was also noted by Volland (1912) who
thought therefore that hyaline degeneration in
vessel walls was the precursor of the calcification.
Lichtenstein's conception of a vicious circle in
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regard to permeability of the capillaries is
helpful. It is interesting to note also that he
has found pericapillary heading with mineral salts
identical with that seen in the Sturge Weber
anomaly, in a case of lead encephalopathy.
Taking the foregoing points into consideration!,
a chronic sluggishness of capillary blood flow,
probably increasing in degree during childhood in
the Sturge-Weber condition, would seem to be the
basis for the cortical calcification. The
appearances at operation suggest that the network
of angiomatose venules, often covering a large
area, has an inadequate drainage into larger veins.
The evidence from arteriograms, in some esses, of
paucity of arterial supply to the pathological
area cannot be accepted at face value as indicating:
a throttling on the arterial side because a
deficient outlet of venous blood from a territory
must retard arterial filling.
The writers quoted have all stressed tissue-
hypoxia as the operative factor but as will be
seen later, in discussion on the electro-
corticogram findings in the personal cases, the
interference with gaseous exchange across the
capillary walls may have as its more pertinent
effect an increase in carbon-dioxide tension in
the tissues served by the calcifying capillaries.
But when hypoxia is due to impairment of the speed
of circulation in living tissues, oxygen deficiency
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aod carton dioxide excess are directly related and
it may "be impossible to separate them in
theoretical deduction relevant to the issue.
Ghemical Analysis.
In the literature a difference of opinion
exists as to the mineral constituents of the
abnormal cortex in the Sturge Weber anomaly, the
point at issue being the content of iron.
Eaves (1926) reported a 500-fold increase in
calcium and a 200-fold increase in iron in one
case. Peters and Tebelis (1937) found no iron
(but give neither technical details nor figures).
Wachsmuth and Lowenthal (1950) criticised the
analytical methods of Eaves, and found no increase
of iron. Lichtenstein and Rosenberg (1936)
championed the ferruginous nature of the deposits,
but relied on histochemical methods alone, whereby
they seemed to prove there was no calcium in the
deposits.
By good fortune it happens that A.H.Tingey,
who investigated the iron and calcium content in
normal brain (1937), is now working with Dr.Norman
in Bristol. Tissue from four of the personal
cases was submitted to him for analysis, with
special reference to the findings of Eaves. An
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Case I 2.27 x 723
Case II 1.18 x 122
Case III 3.37 x 36
Case V. x 7.7
Obviously the figure for calcium will depend
on the size and number of concretions in the tissue
sampled.
Tingey criticises the analytical method of
Eaves and comments that iron was not estimated as
such but by weighing a residue after extraction
with hot strong acetic acid, whereby a fallacy
could arise.
The cortical concretions always give the
Prussian-blue reaction for iron, and Tingey suggests
that adsorption of iron, readily available in
cerebral tissue, onto the concretions, is the
probable explanation for the colour reaction.
The calcium was found by Tingey to be present
mainly as phosphate and carbonate. This might be
inferred as significant in view of the Barnes and
Woodhall theory involving free phosphoric acid,
-105-




It is very common indeed for the appearance
presented ty the gyriform calcifications to
present seemingly conclusive evidence of gross
shrinkage of the brain in some areas at least of
the lesion. Yet personal experience and the
accounts of operations in the literature exclude
the presence of the subdural fluid which would
necessarily hsve to occupy the dead space; this
space often has the appearance of being one or two
centimetres in depth - far greater than the
subarachnoid space could accommodate.
The possibility that this appearance might
fallaciously result from the divergence of X-rays
from the anode was considered, (Pig.h-3). Dr.K.H.
Gaskell (Frenchay Hospital) produced lateral films
of the skull of the patient (Case VII.) with short
and long target-distances and comparison showed
that the relationship of the calcific shadows to
that of the cranial profile was not significantly
altered. Even right and left lateral projections
under these conditions showed no significant change
in the relationship.
In truly-positioned antero-posterior views of
the skull, the medial occipital calcifications
usually fail to reach the midline and there is no
argument about the existence of some degree of








The stereoscopic films of the first two
personal cases show that the appearance of
shrinkage seems greater when the films are
inspected singly, "but even so in Case I., with
three-dimensional viewing, the calcified gyri seem
undoubtedly to recede unduly away from the
calvariura in places anteriorly.
Case VII., remarkable on account of the marked
recession of the calcifications away from the
calv8rium as the lesion is traced forward, yielded
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stereoscopic arteriograms which showed some
cortical arteries where they would be expected at
a normal cerebral surface, and at a distance from
the calcifications. It is unfortunate that the
filling in these arteriograms is rather early to
show the vessels posteriorly. More information is
wanted about this type of case; no record of an
autopsy has been found. The case of Lichtenstein
(19514.) had frontal and occipital calcifications
which were superficial and no information relevant
to this Case VII. is forthcoming from his autopsy
findings.
Cranial asymmetry is very common, the capacity
being reduced on the side of the vascular
anomalies. This is exemplified in personal cases
I. II. IV. and VII. Cranial hypotrophy seems not
necessarily to be related to the extent of visible
calcifications. In Case II. they were occipital
yet there was asymmetry. Rullan and Rifkinson
(1955) on the other hand comment on the symmetry
of the cranium in their case notwithstanding
calcification of the whole hemisphere.
Larmande (1914.8) has made much of an
enlargement of the facial tissues and skull
structure anteriorly, particularly of the frontal
air sinus, on the abnormal side, which suggests to
him a unilateral acromegaloid state. A few other
writers describe enlargement of one frontal air
sinus. Dr.Norman found a large frontal air sinus
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in his case on the side of the facial naevus; and
a curious and apparently unique minor anomaly of
development of the frontal "bones was noted in
personal case V.
Larmande finds evidence of endocrine
abnormality in the obesity noted in a minority of
cases, and in the occasional sexual hypotrophy.
It seems clear, however, that evidence of endocrine
disturbance is generally lacking in the recorded
cases; moreover retardation of the onset of




The epileptic part of the syndrome merits
special consideration. The onset of fits almost
invariably brings the patient first to the notice
of the clinician; few parents seek advice for
cosmetic reasons only during infancy. Further,
histories given in the literature, and in this
Thesis, indicate that after a bout of convulsions
the intellectual development of the patient may
receive a serious and abrupt set-back. On the
basis of the functional damage which the developing
brain appears to suffer when epilepsy supervenes,
an argument can be made out for early surgical
intervention in the expectation of forestalling
the disaster of a status epilepticus in those who
exhibit the Sturge-Weber anomaly implicating the
supra-ocular region of the face.
In the majority of recorded cases the first
convulsions have been observed during the first
year of life in those with the more extensive
facial naevi and by the age of two years in the
lesser examples.
As might be expected the convulsions are very
frequently focal in type, manifest on the side of
the body contralateral to the naevus, but of
course often become generalised in individual
attacks or bouts of attacks. Frequently there are
histories of long remissions from the epilepsy in
the early years, with anticonvulsant treatment and
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sometimes spontaneously. Sometimes the pattern of
attacks changes in detail after a long remission.
In parallel with what is found in subjects
with epileptogenic cerebral lesions of other types
acquired early in life, some stunting of growth
and development of the contralateral limbs is
common. The skull also often exhibits a reduction
in cranial capacity on the side of the vascular
anomalies.
In the histories of children with the Sturge-
Weber anomaly there is a general trend towards
increasing difficulty of control of the attacks
medicinally, with the child falling farther and
farther behind in intellectual capacity.
The histories of Oases IV. and VI. deserve
study; they have a message. The aphasic imbecile
aged 11 years is said to have acquired a vocabulary
of about a dozen words before an epileptic storm
at the age of 11 months swept all speech from her.
The child of 8 years, at the age of 10|- months well
in advanoe of her siblings at a ooraparable age,
ceased to speak for three years after her fits
began, and was at the stage of a child of about
five years in speaking and learning when seen.
On the basis of those two histories alone it
would seem that a case could be made out for early
resection of the angiomatous section of the
occipital or parietal lobe, before the epileptic
state has been given a chance to work its havoc.
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In that connection the after-history of Case V. wil
be of importance, but even in that case operation
may have come rather late, because the infant is
already retarded: if he overhauls his handicap as
the years pass the operation in that case will have
been well-justified, for there is little doubt that
otherwise an institutional life would have been a
certainty for him later.
This raises the question, what happens to
Sturge-Weber patients? Do any of them reach middle
age, for instance, or have they mostly succumbed in
status epilepticus or with intercurrent disease at
a relatively early age? Only a survey of the
population in institutions for the epileptic and
feeble-minded could provide the answer. It is
difficult to recollect having seen any adults at
large in the general population showing the Sturge-
Weber type of naevus flammeus, (as distinct from
the deep purple warty naevus, which is perhaps
associated with the cavernous and racemose types
of cerebral angioma).
It would be fallacious to ascribe all of the
intellectual retardation to epilepsy in these
patients. The evidence of the asymmetry of the
skull, of the lesser volume of the affected
hemisphere in some post mortem cases, the stunting
of growth of contralateral limbs and, as in one of
Gushing's cases, atrophy or dysgenesis of the
ipsilateral hemisphere of the cerebellum, all
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points to structural deficiencies far wide of the
very obvious cerebral lesion. It would be rash to
believe that all this could be prevented if the
epilepsy were forestalled or early terminated.
Nevertheless if a number of infants with the Sturge
Weber anomaly, who have had the cerebral lesion
resected early in life, were studied and recorded,
some inference could be drawn as to the extent to
which epilepsy augments the disabilities of these
children. The post operative histories in some of
the cases presented in this Thesis suggest that
the deleterious effect of epilepsy is quite
considerable.
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ELE G TROENCE PHAL OG-RA PHY
The remarkable pre-operative tracing obtained
in Case I. is reproduced in Fig.ii4.
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The recording was made by Dr.Grey Walter (of
the Burden Neurological Institute) and he commented
on the remarkable and unexpected electrical
inactivity revealed in two of the gains - those
deriving from the scalp overlying the calcified
region of the brain.
The recording in Case II., with a much more
localised calcification, was much less impressive,
On the pathological side there were NO normal
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rhythms, only very widespread complex slow activity
with occasional "brief epileptic complexes involving
all areas, sometimes spreading to the right side,
when they interrupted the normal alpha rhythm.
Flicker stimulus evoked a small following response
on the right, hut none on the left. Dr.Grey Walter
was of the opinion that the absence of normal
activity in this second case suggested complete
absence of normal functional connections in the
left occipitoparietal region.
Fig. 1+5
The examination in Case III, with very scanty
intracranial calcification, revealed no focal
distinctive features. Rhythmic 7-8 c/s. activity
was recorded anteriorly on both sides, and in the
frontoparietal regions phase-reversals were
obtained. There was no suggestion of a "silent"
field.
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In Case IV., the idiot girl, recording had to
"be abandoned because of lack of co-operation.
Hie records in Case V., the infant, were marred
by movement artefact. No strictly localised
discharges were apparent. The delta discharges
from the occipital lobes were much larger on the
side of the naevus (right) than on the left side.
In Case VI. an asymmetry of normal rhythms in
the occipital regions was demonstrated, being of
subnormal amplitude on the affected left side.
Frequent sharp "spikes" and slow waves were focal
in the left temporal region. Occasional episodes
of high-amplitude delta discharges appeared over
the right hemisphere, especially anteriorly. The
photic response was small in the left occipital
lobe.
Thus, the patient of this series with the most
extensive fully developed cortical calcification -
and in this patient alone - a region of electrical
"silence" was observed.
A comparable observation was made by Green in
19/+5; he found a localised area of "no activity" in
his tracings, situated just behind the anterior
margin of the calcified parietal zone in his case.
Cohen and Kay (19/4.1) noted a depression "to almost
no amplitude" over the affected occipital lobe,
and obliteration of the alpha rhythm, on closing
the eyes. Delta patterns were evident from other
-118
areas.
The experience of Green, Poster and Berens
(1950) and of Lasierra and Aroyo (1955) was similar,
Broager and Hertz (19^+9) found diffuse spike
and wave patterns, with constant phase-reversals
in the parasagittal region near the vertex on the
side of a typical facial naevus. This patient
also showed sinuous occipital shadows radiologicslly.
The authors exposed the premotor region, found a
"large naevus", made an en bloc resection of the
whole of the premotor area, with benefit to the
patient. It is possible that they were dealing
with a central angioma. The occipital lobe was
not exposed.
Goetze (1953) made observations on five cases
of the "Sturge-Weber syndrome" and found reduction
of potentials posteriorly on the affected side,
except in one case where the potentials were
increased and spike and wave patterns occurred.
This paper is disappointing. Only one tracing is
figured and no clinical details are given of any
of the cases.
Vizioli and Ploris (1953) described five
patients with facial naevi of which only their
cases 1 and 2 can be regarded as typical of the
Sturge-Weber condition. They describe large
voltages of 11 c/s. in one, and 9 c/s. in the
other, greater on the non-affected side.
Raderraecker (1951) in 8 series of nine cases
had one whioh was definitely of Sturge-Weber type
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and three other prohahle examples. In the definite
case the dysrhythmias of k - 6 c/s. were central
and "bilateral, and in two of the other three cases
damping of the tracings and low voltages were
recorded from the occipital areas (in one case on
the abnormal side only).
The literature, necessarily recent, is scanty
and somewhat conflicting in the matter of electro¬
encephalography, a circumstance which gives added
point to the next section.
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ELEOTROOORTIOOGRAPHY
Arrangements were made to record potentials
direct from the exposed cortex at the operation in
Case I. as an aid perhaps in determining the limits
of the required lobectomy. Only a two-channel
portable instrument was then available. A
representative tracing is reproduced below.
l6.3£. Si'
Fig. lj.6
From all of the angiomatose area virtually no
potentials were recordable, but in contrast
irregular spike activity of high voltage was
continuously evident at all areas of the unaffected
cortex widely exposed by the craniotomy. It was
found that the visible margin of the meningeal
vascular anomaly was the boundary of the electrical!,
inert area. Bipolar derivations oriented parallel
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to any margin of the vascular lesion, advanced
progressively on to the adjoining cortex, showed
that the irregular high voltage activity came into
full swing 1 to 1.5 cm. wide of the margin of the
angiomatose area. Derivations straddling the margin
gave no further information of value.
A depth electrode was available and the inert
state of the subcortical structures was
demonstrated, extending throughout the rather tough
occipital lobe in various directions as far as its
medial surface, and obliquely forward until a level
close to the corona radiate was reached,
approximately deep to the central sulcus. The
needle-electrode palpably emerged from gliosed
cerebral substance at these depths anteriorly. A
representative tracing from gains 5 and 6 cm. deep,
obliquely forward from insertion at the parieto
occipital convexity is shown in Fig.LjJ.
P K. l6/H/'5l





It will "be recalled that in Case II. electro¬
encephalography yielded no focus of relative
electrical inactivity, yet the electrocorticograms
were similar to those of Case I. (Fig.48). Depth








It is of interest that onoe again the same
phenomena were repeated at electrocorticography in
Case III. yet calcification within the cortex in
that case was minimal. The tracing was rather less
damped than in the first two cases. (Fig.U9).
Dr.Grey Walter reported: "from the region of the
vascular abnormality there were very few regular
potentials and the maximum potential with
electrodes about 2 cm. apart was 100 - 200 microvol
in occasional slow waves. This contrasted with the
activity beyond the margin of the naevus where the
potentials frequently reached 500 microvolts, and a
wide variety of abnormal wave-forms was present
throughout".
Tracings from a small localised angioraatose
area on the temporal lobe with rather more sparsely
arranged venules than elsewhere, showed only
irregular high voltage discharges characteristic of
the rest of the non-angiomatose cortex.
The observations in Case IV. were in one respect
parallel to the previous ones, in that the slow
high-voltage discharges which were recorded at the
surfaoe everywhere were evidently superficial,
because at a depth of 2 cm. and more away from the
cerebral surface, the voltages were reduced to
about a quarter of those at a depth of 1 cm.
-12b-




Finally, the tracings of Case V. introduced a
novel feature which further experience may show is
related to the age of the subject (1 year). This
concerns very high voltage 7 c/s. waves in long
regular trains which were obtained only from the
subcortex at several samplings near the occipital
pole. Tracings of this type were new in Dr.Grey
Walter's considerable experience, and he was unable
to ascribe a particular significance to them.
I tec.
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The recordings from the cerebral surface in
this patient were characterised by very large slow
delta activity, the amplitude being greatest
posteriorly and superiorly. No focus or "silent"
area was observed.
It remains only in this Section to present the
noteworthy electroencephalogram in Case I. 19 days
after the cerebral resection (Pig.52).
-U-U-Lf-uhJ-
C~' S/Det./SI (19^^ |x*P«|0
f
"R.OCC, TEMP.





The tracings from ALL areas are vastly
improved. Subsequent examinations have yielded
virtually normal records, and latterly even without
the beneficent effect of anti-convulsant drugs.
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Electrocortical activity is decreased by
hypoxia, and by excess of carbon dioxide in the
circulating blood - ss when breathing 10% CO2 in
oxygen (Adrian and Matthews, 193I+; Lennox, Gibbs
and Gibbs, 1936).
Wilson (1957) has described the virtual
obliteration of potential variations in the
electroencephalogram in anaesthetised man if one *
bronchus is clamped during pneumonectorny. This
manoeuvre is equivalent to a veno-arterial shunt
and causes approximately a 50% increase in carbon
dioxide tension in the circulating blood. The
oxygen tension falls, but very far short of the
level of hypoxia necessary to produce a comparable
effect on the electroencephalogram. This
observation suggests that increase of carbon
dioxide tension in the blood is more potent than
a fall of oxygen tension in bringing about electro-
cortical inactivity.
When opportunity again presents an attempt will
be made to obtain direct evidence of these gaseous
tensions in the cerebral tissues underlying the
vascular anomaly.
There is as yet no literature on this detail
of the syndrome. Probably these are the first
cases in which electrical tracings have been made
at operation. Obrador (1951+) arranged for electro-
corticography but he had the misfortune of




The new contributions are, (1) the
histological findings in a young subject; and, (2)
the demonstration of the abundant colloid matrix
in which the calcific concretions are developed.
Garbol-azure (a Nissl type of stain), and
von Kossa's stain was used to demonstrate calcium.
The periodic acid Schiff method (P.A.S.) was
employed to reveal the colloid matrix in which
calcium is subsequently deposited. This matrix
was apparent at the site of concretions, after
decalcification. This stain has an affinity for
carbohydrate-containing proteins.
Holzer's stain was used to demonstrate
fibrillary neuroglia, and the Gomori silver method
for reticulin.
The Gonoretions
These were present in the cortex in all five
cases studied. They were large and often
contiguous in the molecular layer and outer part
of the gray matter over wide areas in Cases I and
II, and limited in extent in Gases III and IV. In
Case I the largest concretions lay most
superficially.
Pig»53« Case I." Gortiosl concretions.
Carbol-azure stain.
In the less-calcified areas in Gase II.there
was a tendency for the deeper parts of gyri to "be
also involved, and this was seen also in the
adjacent gyri in Gase III.
In Gase II one of the peristriate areas
showed a "bilaminar distribution of concretions
(Fig,5k), which is perhaps unique, in both the
outer zone and the sixth layer.-
-129-
Fig,5U* Case II. Bilarainar array of
concretions, showing the distribution
in buried cortex in relation to the
depths of a sulcus. Garbol-azure.
The concretions usually had a concentric
laminated appearance, with as a rule a central
core representing a former blood-vessel. This
detail was well shown in the smaller concretions.
Small concretions were found scantily in the
white matter, bearing no relation in degree to the
density of calcification in the overlying cortex.
In general there was a tendency for the buried
parts of the cortex, in relation to the depths of
sulci, mainly to show the mineral deposits, the
crowns of gyri being relatively spared.
-1 JV-
Perivasoular Calcification
The deposits always appeared like droplets on
the outer surface of the smaller vessels, of pre¬
capillary order, in the outer zone of the cortex,
usually in parts devoid of the larger concretions.
Fig«55» Case III. Perivascular
calcification in the cortex.
Carbol-azure.
In Cases III«and IV.this droplet incrustation
of vessels also occurred in other laminae,
especially in the fourth layer in the visuo-sensory
area.
Until the material of Case V. came to hand we
had assumed that perivascular incrustation would
long precede the formation of concretions, an
impression fostered by the frequent finding of
perivascular calcification alone at the periphery
of areas with many concretions. However, sparsely
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distributed calcified deposits were seen in this
case to he scattered throughout the cortex with no
apparent laminar predilection, though with a
somewhat greater concentration in relation to the
depths of sulci. Further, small concretions were
often seen in close relation to the wall of a
vessel, but many were st 8 distance therefrom. In
short, deposition of calcium on the smaller vessels
in this Case V. had obviously not proceeded far.
The Colloid Matrix
This appears to be the precursor of
calcification, providing a matrix which takes up
calcium salts. The material from the infant
(Gase V. ) was the most instructive of the series.
Whereas with the carbol-azure stain the dark
blue calcifications were relatively scanty, a far
greater abundance of abnormal, colloid deposit was
seen in the P.A.S. preparations. The great
majority of the deposits stained a bright pink,
only a few staining a smooth purple colour with
the haematoxylin counter-stain, indicating that
calcification W8s already under way in those
particular deposits.
The P. A.S.-positive deposits were roughly
circular in outline, in sections, and showed a
finely fibrillar structure, distinguishable from
the ground-substance by the greater intensity of
their pink staining. The relationship of these
structures to blood vessels was clearly apparent.
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In many instances they lay along the course of a
visible pre-capillary (Fig.56). Often short
lengths of blood vessel projected from them or
were seen within them.
Fig»56. Case V. Perivascular
colloid accretion. P.A.S. stsin.
Fig.57. Case V. Colloid accretions
in relation to vessels in the
cortex. P.A.S. stain.
This pre-calcification material was also
shown very well in reticulin preparations, which
also confirmed its close proximity to blood
vessels. Apart from these larger fibrillar masses,
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numerous much smaller spherical deposits of
similar type were seen with no observable
relationship to cells or blood vessels.
As has been noted above the colloid matrix
is revealed in the larger concretions with the
P.A.S. method, after decalcification.
The Cortical Parenchyma
The presence of large concretions necessarily
implies replacement of cortical substance by their
bulk. Many of the larger concretions are
surrounded by strands of neuroglia fibres. The
tissue intervening between large concretions shows,
however, a rather surprising degree of normality
(Pig.58), and with little evidence of gliosis.




In two alone of the cases (II. and IV.) small
foci of severe atrophy of the cortex were found,
where nerve cells had disappeared, save in portions
of the deeper, and sometimes the most superficial
layers of the cortex. Neuroglial nuclei were
increased in number.
A heavy overgrowth of the adventitial coats
of fibrotic vessels, connected by a dense network
of reticulin fibres characterised these two cases,
in some areas of the sections, particularly in
cortex related to the depths of sulci.
Pig»59« Case IV. Pibrotic vascular
zone in cortex. Reticulin stain.
In Case IV. these foci were confluent, forming
long strips in the cortex (Pig.59)* In both cases
these foci were usually the seat of a diffuse
"powdery" calcification, without concretions,
(Pig.60), but here and there non-calcified foci
of this type were observed.
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Fig.60. Case IV. Zone of diffuse
calcification in cortex.
Carbol-azure.
In Case II. a few calcified nerve cells were
to "be found in the neighbourhood of these foci,
and in Case IV. extensive neuronal atrophy and
gliosis extended out decreasingly from these areas
of vascular fibrosis.
Meningeal Vessels
In general the angiomatose vessels in the
meninges were small and of fairly uniform calibre.
Their walls were thin and often contiguous. They
dipped down into sulci.
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Fig.61. Case II. Angiomatose venules
at the surface. Masson trichrome
stain.
The feltwork of venules tended to he thickest
overlying the areas of greatest cortical
calcification, though that did not hold in Case II
Calcification of adventitia, and sometimes of
the media, of arteries in the abnormal area of
meninges was seen in Cases I., II., and IV. This
arterial calcification was absent in Case III. and
in the infant (Case V. ). In Case II. only this
calcification was confined to meningeal arteries
in the depths of sulci.
It remains now to add some further
histological details noted in the material from
the infant (Case V.).
A peculiar feature of this case was the
presence of calcified branched cells, many
obviously microglial in type, arranged in
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conspicuously laminar formation in the fourth, and
to a lesser extent in the sixth, layers of cortex
(Figs. 62 and 63).
*4:
Fig.62. Case V. Calcified glial
cells in cortex, von Kossa stain.
Fig.63« Case V. Calcified glial
cells in cortex. Carbol-azure.
The processes of these cells often ended in
small balls of calcified material. Although a tew
of the larger calcified cell-bodies hsd a roughly
triangular shape, it was not possible to identify
them with certainty as belonging to neurones.
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The larger concretions in this case were
usually of irregular mulberry shape, suggesting
the fusion of separate globules. They showed no
concentric lamination in their structure.
Discussion
There would appear to be a relationship
between the degree of cyanosis of the angiomatose
venules at the surface and the degree of cortical
calcification underlying, in this series of cases.
This suggests that local circulatory stasis may be
an operative factor in the process. The
occasional calcification of arteries, especially
in the depths of a sulcus, suggests local hypoxia
(Meyer, 1951).
The case of Bates (and Dr.Norman) seems to
indicate that intracortical calcification occurs
only where the vascular anomaly consists of surface
vessels of small calibre.
The histological findings in the P.A.S.
preparations at the age of one year (Case IV.)
bring into evident relationship the .smaller blood
vessels and the masses of carbohydrate-containing
substance, whether by leakage from the vessels or
by precipitation in their vicinity. The fibrillar
texture of these deposits suggests that the
material - in solution or suspension - had been
adsorbed by the finer glial fibrils of the ground-
substance. Some of the microglia had also taken
up this material and had become incrusted with
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oalcium.
The more numerous very small spherical masses
of the P.A.S.-positive substance seen in certain
areas may represent minimal capillary leakages,
but this hypothesis cannot be verified since only
a very few vessels were rendered visible by the
ordinary staining methods employed.
The calcifying process of the vessels in the
Sturge-Weber anomaly is similar to that found by
other investigators in comparable states of
cerebral calcification. Mallory (1896) showed
that a transparent colloidal matrix remained after
decalcification, and he postulated that this
"colloid material" was the essential fore-runner
of calcification in the brain. In the familial
form of cerebral calcifications associated with
microcephaly Jervis (l95h) has demonstrated that
this matrix is strongly stained by the P.A.S.
method. The evidence from Oase IV. shows very
well that the colloidal material is abundantly
present at a period in life prior to any extensive
deposition of calcium.
Altered permeability of the vessel walls
appears to be the most probable common pathogenetic
factor in all forms of perivascular calcification.
This factor is most obvious in inflammatory states,
droplet incrustations identical with those seen
in the Sturge-Weber condition being commonly found
as a sequela of encephalitis. If it is postulated
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that inoreased permeability of the cerebral vessels
in the Sturge-Weber malady is due to some
structural anomaly one is faced with the problem
of accounting for the predominantly intracerebral
location of the calcifications, while the obviously
abnormal meningeal vessels escape. It seems more
plausible to suppose that the presence of the
meningeal angiomatosis leads to some degree of
slowing of the circulation and stagnant hypoxia in
the cortex, and hence to an increased permeability
of the intracortical vessels.
The principal cause of neuronal destruction
is the mechanical replacement by massive concretioris
Comment has already been made on the persistence of
areas with nerve cells of normal appearance between
the calcified masses; it may well be that a
diminished circulatory flow is able to sustain in
a viable state the lesser remaining volume of
neuronal cortex consequent on the presence of
large concretions within it.
The minor degrees of intracortical vascular
calcification do not appear to damage the cortex
in any way.
Turning now to Case IV., the sections provide
an explanation for the scattered faint and quite
atypical radiological shadows of the calcifications
in that case. The calcific deposits in the laminar
strips of vascular fibrosis and marked overgrowth
of connective tissue and reticulin, were numerous
-141
"but finely-divided: there were no concretions in
these areas and consequently no gyriform double-
countoured patterns were visible radiologically.
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COMMENTS ON THE LITERATURE
Nearly 300 papers containing descriptions of
382 cases have been studied. 19 references have
not been obtainable in the British medical
libraries in the original or as a photostat copy.
The material surveyed, however, permits some
statistical approximations and includes all of the
more important papers.
For several reasons many of the described
cases cannot be accepted as undoubted examples of
the Sturge-Weber anomaly. In the earliest reports
radiological information was necessarily lacking,
so that unless post-mortem confirmation of the
diagnosis was to hand, those early cases have been
excluded from consideration, with the exception of
Sturge's case - and here sentiment and historical
interest must be pleaded.
Some references proved to be no more than
synopses of a few lines only, in reports of Society
meetings, and have had to be discarded.
In quite a large group, comprising 186 cases,
a facial naevus was present, but the neurological
syndrome was slight or atypical and there was no
radiological evidence or proof by operation that
the brain harboured the characteristic vascular
anomaly.
In another group of 26 cases with a facial
naevus the intracranial lesion was clearly a
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raceraose intracerebral angioma, and of these many
were of the arterialised variety. Episodes of
massive intracranial haemorrhage brought some of
those patients to clinicsl notice, and were
misleading to a few of the earlier writers who
inferred that intracranial haemorrhage could be a
feature of the Sturge-Weber syndrome.
Quite a large number of reports in the
ophthalmological literature contain information
which is clinically and radiologically too scanty
for inclusion of the cases in the Sturge-Weber
group. Passing comment must be made on the
considerable number of reports in which there is no
reference to the visual fields (even in some
ophthalmological papers) or they are said to be
normal, yet one occipital lobe has been the seat of
extensive and dense calcification implicating the
striate area. The explanation must lie in the
assumption that the presence of a gross homonymous
hemianopia cannot be established in infants or in
the feeble-minded, which is of course untrue.
Purtado (1936) comments on the curious lack of
recorded field defects in the literature. A
homonymous hemianopia was found in six of the seven
personal cases.
The criteria which serve to identify the Sturge
Weber malady are a facial naevus (evidently with a
particular characteristic in its distribution),
epilepsy, gyriform calcifications visible
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rabiologically within the cranial chamber (except
in infancy), angiomatosis at the cerebral surface
revealed at operation or post mortem examination,
and perhaps buphthalmos or glaucoma.
This broad statement requires qualification
however. Eight authors have described cases without
a facial naevus which would otherwise be acceptable
cases; as there was no naevus there was of course
no glaucoma or buphthalraos: (Olivecrona et al.,
Gases 1 and 5, 1936; Esser, 191*1; Longo, 1949; Lund,
Gases 5 and 6, 1949; Snellman, Case 2, 1949; Chiro
and Lindgren, Case 10, 1951; Popp-Vogt, 1951; and
Livingston et al. 1956). These are cases of cerebra
angiomatosis, and by definition are to be excluded
from the Sturge-Weber category, though their close
relationship is apparent. They suggest that the
embryonic vascular msldevelopment (hypothetical
persistence of the primordial plexus) can be
determined after the vascular anlage has separated
into layers for the skin and for the meninges; and
that it is possible for the vasculature of the




It is abundantly evident from the literature
that cortical calcification cannot be discerned
radiologically in the first year or two of life,
and therefore this evidence of the existence of the
intracranial lesion is necessarily lacking in the
30 reports of cases below the age of 2 years.
Sommer and Demoullin (1947) saw no calcification
in their case at the sge of 2 years, but an
extensive occipito, parieto-front8l deposit had
appeared by the age of 8 years. Anderson (1945)
reported negative films at 6 months, and "flecks"
in one occipital lobe at 7 years, which had
increased "several-fold" three years later.
Worster-Brought (1948) saw no calcifications at
8 months but they were evident in both occipital
lobes at 19 months. Kluska's case 3 (1947) showed
quite marked calcification at the age of 7 years,
increasing up to the time of the report, at the age
of 12 years. Krabbe and Wissing's case (1929)
remained radiologically stationary from the ages of
16 to 23 years. Similarly, McCoy and Voris (1948)
saw no change over the interval from ages 13 to 20
years.
Some increase in extent and density of the
scanty calcification was seen between the ages of
14 and 18 years in personal Case III.
The exact age at which the calcifications
become radiologically detectable is not of academic
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moment in the light of personal ease V. with early
calcification already present in microscopic
sections of the brain at the age of 1 year.
The literature is understandably silent about
the age at which pericapillary deposits begin to
appear histologically, or even whether they are
present at birth.
A further consideration with regard to the
literature is that the earliest evidence of cortics
calcification in X-ray films may well escape
observation unless stereoscopic views of the skull
are studied closely. The first of the series of
films in Case VI. was reported normal.
Topography of the Facial and Cerebral Lesions -
r*,*ie extension forwards of the calcification
into the frontal lobe, comparable to that observed
in the personal Case VII., is no rarity. Ten
similar cases have been found (Rjefane, 1937; Nussey
and Miller, 1939; Hemblein, Prendergass and
Widemann, 191+0; Koch, 19*4-0; <3e G-lspert Cruz, Case 1
19*4-2; Kluska, Case 3, 19*4-7; Sommer and Demoullin,
19*4-7; Rodriguez and Canbarrere, 1950; Lichtenstein,
193*4.; Rullan and Rifkinson, 195*4-).
In a survey which omits many of the reported
"acceptable" cases, Kautzky (19*49) has inferred
th8t an occipital location of the angiomatosis and
calcifications can be expected when the first
14-/-
division trigeminal field of the face exhibits the
naevus; the second division field corresponds to a
parietal location; and when all three division
fields bear the naevus, the cerebral lesion extends
forwards to the frontal lobe. While this last is
true in the personal Case VII., and in most of the
descriptions cited in the preceding paragraph,
Sonne's patient had a naevus extending only over
the forehead, eyelids and side of nose. The third
division field was spared in the case of Soramer and
Demoullin. The naevus in personal Case III. was in
the first division field but the angiomatosis was
parietal in location. Further, in personal Case II
the cerebral lesion was sharply restricted to the
occipital lobe yet the facial naevus was quite
extensive.
The distance which in the great majority of
cases separates the superficial and deep vascular
anomalies in the Sturge-Weber condition is striking
The implications of this have already been
discussed (section on Embryological Considerations)
Reference was there m8de to the almost unbroken
rule that the naevus implicates the supra-ocular
part of the face. R/nne (1937) end Kautzky (1949)
have drawn attention to this association. One
single exception has been found in the case of
Neimann, Pierson and Manciaux (1953) concerning a
boy aged 6 years with a naevus confined to the
cheek, upper lip, temple and ear. A perfectly
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typical gyriform occipital calcification was
was displayed radiologically. No arteriograms or
direct information as to the state of the brain
were available, nevertheless this case must be
included in the Sturge-Weber group. Occipital
angioma with gyriform calcifications seems to be
very rare indeed, and apart from the case of
Furtsdo (1936), in the other examples of angioma
with gyriform calcification the lesion was Sylvian
or Rolandic in site.
This single case of Neirnann, Pierson and
Manciaux must prevent outright acceptance of the
proposition that in the Sturge-Weber condition the
naevus must necessarily implicate the upper eyelid
or forehead, though it is otherwise invariably true
in the reports surveyed.
It is doubtful whether angiomatosis comparable
to that seen in Sturge-Weber cases ever occurs on
the spinal cord. Prank angioma on and within the
cord is familiar. At the other extreme, the so-
called angiomatosis of the cord consists of an
open network of small arteries and veins, visible
in areas on the surface of the cord exposed at
operation. No information is to hand whether the
abnormal vessels lie only at pia-arachnoidal level.
Indeed those small lesions might well pass
unnoticed at post mortem examination with the
vessels empty.
The degree of neurological disturbance
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associated with angiomatosis of the cord, though
often moderate, suggests that the vascular anomaly-
is not exclusively superficial. The vascular
anomaly on the cord is always a very open network
and does not convey the impression of a vascular
stasis at the surfaoe, in contrast to the cerebral
angiomatosis of Sturge-Weber type.
In discussions about the trigeminal and
cerebral topographical relationship in the Sturge-
Weber anomaly, many writers have cited the esses
of Cobb (1915) and Jefferson (Wyburn Mason, 1943;
Case 42) describing cases of angioma of the spinal
cord with cutaneous naevi in corresponding metsmere^.
Such rare esses are however homologous with cerebral,
angioma associated with facial naevus, and have no
direct bearing on the Sturge-Weber anomaly.
Sex Incidence and Side Affected.
Superficially this is not remarkable. Males
comprised 51% of the acceptable cases in the
literature surveyed. The left side was affected in
48%. In the very few with a bilateral facial
naevus but evidence of cerebral angiomatosis on one
side, that side was considered the affected one.
When the side affected was considered in
relation to the sex a curious trend emerged, the
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males showing a bias for affection of the left,
and the females for affection of the right side.
In a few of the reports the sex or the side
affected was not specified, and those cases were
of course discarded. Including the seven personal
cases the figures were:
Males. Left side, k5* Right side, 35*
Females. Right side, 50. Left side, 32.
This was an unanticipated finding and emerged
after the whole case material had been annotated,
so that there can be no question of subconscious
bias in the estimation.
Applying the test the figures are
significant to the 5% level.
Bilateral occipital gyriform calcifications
were reported by Worster-Drought (19I4.8) in his case
with a naevus involving the whole face and elsewher^.
In the Case 9 of Ghiro and Lindgren (1951) both
occipital lobes had the typical calcifications but
there was no facial naevus: this record omits
mention of the state of the patient's vision.
Paarnitzke's case (1956) with symmetrical occipital
calcification, resembling that seen in basal ganglia
and without a clear gyriform pattern, had no facial
naevus and the one occipital lobe resected showed
no angiomatosis. There was no epilepsy. This case




Epilepsy has occurred in every reported case
where the essential components of the Sturge-Weber
syndrome have been present. This fact is
noteworthy, and unique among potentially
epileptogenic lesions.
The onset of epilepsy has usually been within
the first two years of life. Epilepsy beginning in
later childhood or adult life is characteristic of
cerebral angioma. The literature surveyed has
many examples.
In the group of "acceptable" cases there are
recurring accounts of a pyrexial illness heralding
an initial burst of epileptic attacks. No
information throwing light on this phenomenon is
to hand; the history is usually given by parents
in retrospect. Another curious feature is a
relative or complete remission for several years,
usually after some considerable period of liability
to attacks, after which the attacks return in
accentuated form and with increasing persistence.
The cases of Olivecrona (No.k) and Thayer (1955)
are remarkable in the long gap of 20 or 30 years
between the epilepsy in early childhood and its
recurrence.
The reports tend to be disappointingly silent
about the possibility of the remission being due to
the effect of anti-convulsants. So often the
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authors give a rather condensed clinical account
in order to expand on the pathological,
ophthalmological or other aspects of the case, and
on discussion.
As might he expected, the attacks are
predominantly of focal character or onset. The
absence of a visual aura in the accounts, with such
8 preponderance of parieto-occipitsl lesions, is
noteworthy. Blum and Mutrux (19^-9) alone record an
aura of scintillating scotomata in the appropriate
half-fields of vision. It must be remembered
however that very many of the patients are
intellectually retarded and might not volunteer a
description of an aura.
Epilepsy declares itself predominantly in the
first year of life, and by inference before any
substantial deposit of mineral salts has had time
to accumulate in the cortex. Thus the presence of
these deposits cannot be invoked as a cause of the
epilepsy, as has been suggested by Moniz and Lima
(1935) and others.
On the other hand, the epilepsy is rarely
neonatal in onset, and when the liability to
attacks first declares itself, it is apt to do so
abruptly and in no uncertain manner.
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Cerebellar and Pontine Atrophy.
Gushing (1906) was intrigued by the neurological
implications of the contralateral cerebellar atrophy
in his first case. Volland (1912, Case 1) and van
der Hoeve (1936) had similar findings to report.
Schmidt (1952) observed ipsilateral and pontine
atrophy, and Wohlwill and Yakovliev (1957),
reporting the post mortem findings in the Gase Ik
of Yakovliev and Guthrie (1931), recorded bilateral
cerebellar atrophy*
It is to be remembered that the angiomatosis
is not found on the surface of the cerebellum or
brain stem, and the mechanism whereby this low-
level atrophic state arises must remain a matter
of speculation. It is however one piece of evidenc
showing that the vascular anomaly is not alone
responsible for the wider neurological disturbances
shown by nearly all patients with the Sturge-Weber
condition. Danis and v.Bogaert (1951) have
described a case with "crossed" cerebellar atrophy
and abnormal vascularity on the surface of that
hemisphere and corresponding half of the pons, but
their excellent figures do not reveal an
angiomatosis of the Sturge-Weber type there,
although one cerebral hemisphere is typical (with
angiomatosis extending anteriorly on the tuber
cinereura and bordering on the chiasm): the patient
had a facial naevus. (By kind co-operation of Dr.v,
Bogaert this brain was made available in Brussels
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at a recent Congress and a corroborative personal
inspection of the cerebellum was made possible).
The incidence of cerebellar atrophy cannot
accurately be determined because so many of the
reports are purely clinical. Cushing recorded no
clinical abnormalities of cerebellar type in his
patient at the age of 4 years. It may be that a
degree of cerebellar maldevelopment in these cases
can pass undetected clinically. Bilateral
cerebellar disease is strongly suspected in
personal Case VII., a young adult. Post mortem
examinations were carried out in 21 of the
acceptable cases reviewed in this Thesis, and the
above six reports record atrophy of the cerebellum
or brain stem.
Circulation in the Angiomatose Areas.
The circulation in the angiomatose venules of
Sturge-Weber type appears to be very sluggish, as
judged by the degree of oxygen-reduction of the
blood circulating within them. In the personal
cases no directional flow of the venous blood could
be established at operation by the rough method of
blanching with digital pressure.
Moniz and Lima (1935) seem to have been the
first to investigate the cerebral circulation by
carotid angiography in the Sturge-Weber malady.
They found a retardation of both arterial and
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venous phases of filling on the affected side: theii1
figure shows that the carotid artery was certainly
not in spasm. Cerebral veins were still apparent
at l+„5 seconds. No vessels were visualised in the
area of gyriforra calcification. The angiograms
were normal on the unaffected side. Purtado (1936)
observed a local retardation of the circulation,
but his figures and description of the angiograms
suggest that he may have been dealing with a partly
arterialised angioma, albeit his case had
"cerebriform" occipital calcifications.
Green (19*4-5) noted delayed arterial filling
in the affected region, and this has been confirmed
by later writers.
It is probable that the stasis is peripheral,
at cortical level.
In connection with epilepsy in relation to the
cerebral circulation in these cases a parallel can
be drawn between the effects of experimental
ligation of a coronary 8rtery of the heart (Beck,
1935) and the circulatory state postulated in the
angiomatose area of the cerebrum. Beck and his
team have shown that a focal anoxaemia is of
particular danger to the heart. When a major
coronary branch is ligated its territory of supply
rapidly becomes cyanotic. A cardiac dysrhythmia
and electrocardiographic instability almost at
once ensues and the heart goes into ventricular
fibrillation. In contrast the heart remains stable
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and continues to function effectively in advanced
anoxia, provided the anoxia is of uniform degree
throughout the myocardium. In the Sturge-Weber
condition we have a postulated, and very probable,
territorial hypoxia. If a danger to the functional
stability of the brain may exist from the
juxtaposition of hypoxic and normal circulatory
conditions, the undoubted benefit accruing from
removal of a pathological and electrically-inert
lobe of the brain ceases to be a paradox.
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The Intraocular Hypertension.
Either buphthalmos or glaucoma has been
reported in a minority of cases. Taking the 170
surveyed acceptable cases of the Sturge-Weber
condition as a basis, buphthalmos was mentioned in
1k% and glaucoma in 8% of the reports. This survey
has revealed no characteristics in the distribution
of the naevus which seem to be obligatorily linked
with the occurrence of intraocular hypertension,
either before or after birth. In general the
forehead, eyelids and cheek show the facial naevus,
and O'Brien and Porter (1933) would have that
distribution as s pre-requisite.
Cases have been reported in the ophthalmologic?1
literature, however, of bilateral naevus with
buphthalmos on one side and a normal eye on the
other.
Woyinger's case (1951+) and that of Duhamel and
Goetz (1951+) showed buphthalmos only on the side
opposite to the naevus. Dsnis and v.Bogaert (1951)
described the post mortem findings of a case in
which the eyes had been repeatedly examined during
life and found normal, and the ocular tension had
never been raised, yet sections of the globe on the
side of a facial naevus disclosed an extensive
choroidal angioma, maximal in the vicinity of the
optic disc.
Further, Ballantyne (1930) draws attention to
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the 15 reports up to that time of buphth8lmos or
glaucoma in association with plexlform neuroma of
the face and eyelids; ciliary nerves were found to
he neuromatous hut investigation of the hulhus
oculi gave no clue to the mechanism of the intra¬
ocular hypertension.
The state of knowledge regarding the cause of
buphthalmos or glaucoma in the Sturge-Weher cases
appears to he unsatisfactory and there is to date
no agreed view as to the aetiology. The findings
in the many eyeballs examined histologically have
been disappointingly inconsistent.
Angiomatosis of the choroid was found by Milles
(1884), Snell (1886), Stoewer (1908) de Haas, and
Craig (1914.9). "Angioma" of the choroid was seen
with the ophthalmoscope by Lawford (1895) and by
O'Brien and Porter (1933) and "dilated retinal
vessels" were reported by Nakaraura (1922), Krause
(1929) 8nd Tyson (1932). Knapp (1928) found
angiomatosis of the iris.
In Ssfsr's case (1923) the csnal of Schlemm
was narrowed and displaced backward, the chamber
angle being covered by a web of connective tissue.
On the other hand Clausen (1926), Parkes Weber (1929)
and Craig (191+9) found neither vascular abnormalities
nor obstruction of the angle of the anterior chamber.
Beftman (1901+) thought that engorgement of
thin walled veins in the choroid encouraged excessive
transudation of fluid, and that the absorption of
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aqueous was diminished. Elsohnig (1918) also
invoked a plethoric condition of the choroidal
vessels, a hypothesis which he considered gained
support from the temporary lowering of intraocular
tension caused by carotid compression. Preese (1920)
suggested interference with the sympathetic nerve
supply. Gabannes (1909) ascribed the buphthalmos
to a local gigantism of the angiomatose soft tissues;
but one must object that the sclerotic is thinner
than normal in those buphthalraic globes. Hudelo's
postulate (1929) of a retarded escape of venous
blood from the cavernous sinus owing to the
existence of the intracranial angiomatosis, is not
attractive.
Ballantyne (1930) in his review points out
that secondary glaucoma is seen with retinal
angioma, with or without retinsl detachment or
haemorrhage; it is the result of those gross lesions,
and that primary glaucoma is seen in the Sturge-
Weber condition. He also defines pseudo glaucoma
as existing when, in the presence of angiomatosis
of the conjunctiva perhaps, the cornea is wider
than normal and the optic disc is excavated, but
the ocular tension is normal.
Ihere seems to be general agreement that
buphthalmos is due to ante-natal rise of tension
within the globe. Ballantyne concludes that there
must be some embryonic fault because in some cases
there sre also other congenital ocular abnormalities,
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such as deformity of the lens or coloboma of the
iris. No theory fits all cases.
One of Larmande's two genuine Sturge-Weber
cases is remarkable in that calcification was
evident radiologically in the angiomatose choroid
of a buphthalmic eye. It must be pointed out that
this is an exceptional circumstance because
calcification seems to be rare in the globes which
have been examined after removal. Bentsen,
Dalsgaard-Nielsen and Moller (1938) found
calcification in a glaucomatous eye in their Case 3\
which however had no epilepsy up to the age of
6 years snd the brain showed no calcification
radiologically. This is a questionable Sturge-
Weber case.
Surgical Treatment.
The earliest reported operation is that of
Gushing (1906, Case 2). He exposed the frontal
lobe by osteoplastic craniotomy and as a preliminary
ligated the external carotid artery; this, he
observed, promptly caused the facial naevus to
become "whiter". Large dural veins were found in
the anterior two thirds of the exposed dura mater,
corresponding to the ares of the naevus in the
forehead and scalp. No cerebral vascular abnormality
was apparent at this anterior exploration. The
patient had a naevus confined to the first division
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trigeminal field and it is highly probable that the
vascular anomaly lay posteriorly. In sn earlier
case, which he also reports, he abandoned a frontal
exploration after making one trephine hole because
of excessive haemorrhage. The patient died some
time later and at post mortem examination the
meninges of the whole of the cerebral hemisphere on
the side of the naevus showed a diffuse vascularity.
The oerebral and cerebellar hemispheres on the side
opposite to the facial naevus were smaller than
their fellows: the ipsilateral trigeminal ganglion
was atrophic.
With this first esse of Gushing was born the
legend of the dangerous operative risk which cases
of the Sturge-Weber syndrome would present, an
argument still being adduced in support of radio¬
therapy as the line of treatment to be preferred.
Oliveorona (1936) was the first to expose the
occipital lesion and resect it, (Cases 1 and 5) with
benefit to the patient. Dimitri and Balado (1933),
Delia Torre (1934) and Tonnis (1936) had exposed the
occipital lesion and applied diathermy coagulation
to parts of the pathological area. Lobectomies
bave since been reported, with encouraging results,
by Bentsen, Dalsgaard-Nielsen snd Moller (1938 -
busch operated), Bentzen (1947), Snellman (1945),
Green, Poster and Berens (1950), Obrador (1954), and
others.
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Broager and Hertz (19U9) and Huber and
Zweymuller (195U) explored the Rolandio region in
their cases, guided by abnormal electroencephalo-
graphic foci, and found epileptogenic lesions other
than angiomatosis. Pinto-Pupo (1953) thinks
occipital lobectomy is illogical because the
greatest E.E.G. abnormalities are elsewhere in the
hemisphere.
The authors who have performed occipital
lobectomy all report improved medicinal control of
the fits, and in many instances a cessation of
attacks in the relatively short periods of post¬
operative observation up to the time of publication.
Nosograph.v and Pathology.
There is considerable discussion and much
cross-quotation in the literature concerning the
mode of origin, and relationship to other conditions,
of the Sturge-Weber malady. It would be true to
state that none of it contributes to a better
understanding of the intimate cause of this
congenital anomaly or of its distribution in
individual cases.
One could gain the impression from the
literature, and particularly from the neurological
literature, that the head is a site of predilection
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for oapillary naevi; but that could be a false
deduction because it is the associated anomalies
in the brain which bring the patient to clinical
notice. Subjects with vascular naevi of the limbs
and trunk may abound in proportion, but their
malady is cosmetic, they are not seriously
incommoded as is the epileptic, and their cases
are not recorded as clinical "specimens". Moreover
they have none of the intriguing interest of a
coincident superficial and deep embryological
maldevelopment of tissues.
Bergstrand (1936) gives an authoritative
account of the vascular anomalies and tumours of
the brain and follows Virchow's classification, as
follows:
1. Angioma oavernosum. The walls of vessels
pertain to more than one lumen.
2. Angioma raoemosum. Each vessel is a separate
entity and the tangle of vessels is
separated by some other tissue.
(a) Telangiectasia I
(b) Sturge-Weber disease (added by Bergstrand)
(c) Angioma arteriale
(d) Angioma raceraosum venosum(e) Aneurysms arterio-venosum
3. Angioretiouloma (Roussy and Oberling), vel
angioblastoma. vel Lindau tumour.
Angioglioma.
Bergstrand truly remarks that he oannot
"straightly correlate" these conditions clinically.
In discussion on this paper Lindau preferred the
term haemangioblastoma, as directing attention
more truly, i.e. away from the haeraopoietic system.
-162+-
Good evidence of a hereditary disposition
is conspicuously lacking in spite of many statements
to the contrary. Koch (192+0) makes much of his
observations of one large family in which some
collaterals and antecedents had migraine, epilepsy
or mental deficiency. Very occasionally in the
literature a parent or grandparent is reported as
8?
having h8d a vascular naevus of the trunk or limhs,
but that incidence oould perhaps be no more than
that of naevus in the general population.
No author has discovered the Sturge-Weber
anomaly in siblings, or two examples in one fsmily
and their relatives. Consanguinity of parents has
never been noted.
Two cases in negresses were described by Cohen
8nd Kay (192+1) and by Henblein, Prendergass and
Widmann (192+0), and these are the only well-studied
examples in coloured subjects in the literature
surveyed. Soejoenses (192+1) reported a possible
case in a Javanese boy, but he had no radiological
facilities snd in other respects the account wss
incomplete. There are several Japanese papers
which have not been obtainable, presumably
describing cases in Orientals. It would indeed be
surprising were the Sturge-Weber malady confined to
the white races. It is safe to assume that cases
occurring in the white races are much more likely
to be worked up and published.
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Van der Hoeve (1936) made a pies for the
Sturge-Weher disease to be included in the
phakomatoses - a "fourth phakoraatosis", the others
being von Recklinghausen's neurofibromatosis,
Bourneville's tuberous sclerosis, and the von
Hippel-Lindau cerebellar and retinal abnormalities.
Phakomatosis means a state of tumour-like formations
arising in association with birth-marks. Yakovliev
and Guthrie, van Bogaert and others talk of neuro-
ectodermoses to embrace the conditions showing
cutaneous and neural anomalies. Kissel and Arnould
(I95h) argue that neurofibromatosis is the result
of an ectodermal dysplasia, and Sturge-Weber and
related diseases have a basis of mesodermal
dysplasia.
Tenuous parallels are drawn by some authors in
philosophical discussion. For instance the
occurrence of glaucoma in neurofibromatosis and in
the Sturge-Weber anomaly has for de Morsier and
Francescatti (1937) a significance, and they cite
also calcification in optic nerve tumour and in
the retina as a link. Cafe-au-lait spots were
present in their Sturge-Weber case, and in three
others in the literature. Lichtenstein (195*+) also
comments on the occasional occurrence simultaneously
of pigmented and vascular naevi; he invokes a
disturbance at the neural crest, and infers from
the trigeminal relationship of the facial naevi
that dysplastic vascular mesenchyme may migrate
from the crest along with the developing trigeminal
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branohes. This hypothesis is unconvincing: with
one exception the rare pigmented naevi have been
described at a distance from the vascular nsevi.
Both Kalischer (1901) and Krabbe (193U) feel
that the condition is due to a co-ordinated
ectodermal and mesodermal maldevelopment. Peters
and Tebelis (1937) and Schmidt (1952) think that
the angiomatose malformation is not the cause of
the cerebral maldevelopment, whereas Lichtenstein
and Rosenberg (1936) and Kroll and Staemmler (I9h8)
would have the vascular anomaly as primary and the
changes in the brain secondary. This latter view
is difficult to reconcile with the widespread
cerebral functional deficiencies evident in most
of the patients snd the tissue sclerosis often
extending far wide of the angiomatosis.
Yakovliev and Guthrie (1931), Manolesco (1937),
Rotth (1929) and others believe the frequent
greater pigmentstion of the iris on the affected
side indicates a sympathetic nervous influence in
the genesis of the anomaly.
After a century one can add nothing precise to
the statement of Luschka (l85h), referring at that
time of course to facial nsevus with angioma cerebr|L,
that the anomaly is due to a congenital abnormality
of the embryonic capillary system, and that the
naevi of the skin and brain probably result from
-167-




The literature contains a rather motley
collection of cases purporting to "be examples of
the Sturge-Weber anomaly, and it seems desirable
now to advocate a more rigid definition of the
criteria for diagnosis.
A facial naevus is essential and if that be
lacking the case should be considered an example
of cerebral angiomatosis, if evidence be to hand
of the characteristic intracranial vascular anomaly.
Some recorded cases have a facial naevus but the
intracranial lesion is patently an angioma, or the
calcifications are not characteristic, or there is
no real information as to the nature of the intra¬
cranial lesion.
Epilepsy is not mentioned in very many of the
reports, and in view of the prevalence of epilepsy
in the cases showing the other essential features
of the syndrome, such cases on that count alone are
suspect. It is evident that many authors have
tried to squeeze their cases into the Sturge-Weber
category on flimsy evidence.
The essential features of the condition under
discussion are a facial vascular naevus,
calcifications in the cerebrum on the same side
(except in the very young), a history of epilepsy,
and perhaps glaucoma or buphthalmos. Mental
retardation, pareses and hemianopia are very
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comraon but not obligatory findings in establishing
the diagnosis.
The usual distant separation of the outaneous
and cerebral vascular lesions presents no mystery
in view of the proximity of the optic vesicle and
occipital part of the primitive forebrain very
early in embryonic development. From this also
it is inferred that the anomaly is determined
earlier than has heretofore been postulated.
It is here suggested that the Sturge-Weber
anomaly may result from persistence of the
primordial vascular plexus described by Streeter
in his studies of the development of the vascular
apparatus of the human brain. His work also
provides a plausible explanation for the escape
of the brain-stem and cerebellum from affection by
the angiomatosis.
The distribution of the cephalic naevus
appears to be a matter of chance although the areas
of involvement commonly bear in parts some relation
to the processes and fissures of the embryonic face.
In this manner also a relationship to branches of
trigeminal nerve distribution eventuates, but it is
submitted that the relationship is fortuitous and
irrelevant. The evidence for such an opinion
consists of the usual lack of a truly median limit
of the naevus in some part; and in a few cases the
clear indication that the cleft between the globular
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and lateral nasal processes of the embryo can
constitute a boundary of the naevus in the upper
lip of the patient.
The morbid anatomy, and the process of intra¬
cerebral calcification have been considered. The
basic factor is concluded to be a sluggishness of
the circulation in the tissues underlying the
angiomatose formation. Hypoxia, and possibly more
important, an increased carbon-dioxide tension in
the cerebral tissues is inferred. The cyanotic
state of the angiomatose venules has been observed
at operation, and electrocorticograms provide
supporting evidence. Direct information as to the
gaseous* tensions in the abnormal cortex may lster
be forthcoming.
A histological study has been made of the
Sturge-Weber lesion at the age of one year, the
first to be recorded at such an early age. The
processes preceding calcification in the abnormal
cerebral tissues are revealed in this valuable case.
In another case a unique series of radiographs from
the age of two years demonstrates the progressive
laying down of calcium deposits in the cortex.
Prom these cases and others in the literature it is
deduced that the characteristic cerebral
calcification becomes radiologically detectable at
the earliest during the second year of life.
The conflicting reports in the literature
concerning the chemical composition of the cerebral
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concretions are examined, and new and accurate
chemioal analyses of material from the personal
cases are quoted. The deposits consist almost
entirely of calcium phosphate and carbonate. The
✓
iron content is small in spite of the strong
Prussian blue reaction given by them, which has led
some writers astray.
In well marked examples of the Sturge-Y/eber
anomaly it is evident from a few references in the
literature and from some of the personal observations
that the electrocortical discharges are of low
voltage over the calcified area of the hemisphere.
Opportunity was taken to record potentials directly
from the cortex, and deeply, in five cases, and in
three of them a very gross damping of the tracings
from the angiomatose area was demonstrated. These
appear to be the first records of this type made,
dating from six years ago.
Excess of carbon dioxide is known to be
considerably more potent than lack of oxygen in
reducing cortical potentials. The records obtained
are considered to provide circumstantial evidence
that 8n excessive carbon dioxide tension exists in
the cortex, consequent on an impeded circulation
within it. The transition from the area of low
volt8ge and damped tracings was observed to occur
at the margin of the angiomatose areas. The whole
of each angiomatose area showed this relative
electrical "silence".
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A parallel can be drawn between the electrical
dysrhythmia rapidly induced in the heart as a whole
by experimental ligation of a branch of a coronary
artery, and the dysrhythmia and epilepsy which
occurs in every case of the Sturge-Weber condition.
The heart will remarkably tolerate asphyxia provided
it is generalised, and the brain also does not
regularly respond to general asphyxia by epileptic
discharge. In the heart experiment, and probsbly
in the Sturge-Weber condition, there is a territoria
impairment of the circulatory flow; in the latter
it is submitted that the circulatory impediment
occurs on the venous side of the oapillary system.
A further similitude exists between the
epileptogenic properties of lesions such as
parasagittal meningioma and cerebral venous
thrombosis in which the venous drainage of a
territory of the hemisphere becomes compromised,
and the circumstances envisaged in the Sturge-Weber
anomaly.
There is however no justification for proposing
that a local impediment to the cerebral venous
drainage fully explains the syndrome of epilepsy in
the Sturge-Weber condition because there is ample
evidence of tissue sclerosis, atrophy or dysfunction
extending far beyond the site of the angiomatosis,
and the fits so commonly have clinically a focal
origin distant from the vascular abnormality. In
addition the pons and cerebellum have shown atrophy
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in some recorded cases.
In the cases studied and surveyed there is a
very high incidence of mental deficiency. How far
this has "been determined "by years of epilepsy is
not clear: the improvement over the years in the
personal cases when fits have "been lessened end the
known deleterious effect of frequent epileptic
attacks on intellectual capacity, leads to a strong
personal conviction that lobectomy should be
practised in infancy if the lesion is posteriorly
situated in the hemisphere, as it is in the grest
majority of cases. In view of the 100% incidence
of epilepsy in genuine cases there would seem no
logic in waiting for fits to occur. Some of the
histories recorded here and in the literature
indicate the swiftness of damage to intellectual
capacity when epilepsy first occurs. It is realisec
that parents and others would be difficult to
convince of this logic; until cases subjected to
lobectomy in infancy and with (presumed) obvious
benefit accumulated, no evidence would exist to
support a policy of early intervention.
It is noteworthy that the results of lobectomy
have so far been reported soon after operation with
emphasis on the benefit accruing in respect of
epilepsy. Thus there is virtually no information
about the slow intellectual improvement which some
at least of those patients have probably been
showing in the years following publication.
-17k-
A esse has "been made out for an assumption
that unless the supra-ocular part of the face shows
the vascular naevus, angiomatosis of the Sturge-
Weber type is not to be expected on the brain.
This feature could be of service in selecting cases
early for lobectomy. The procedure followed in
Case V. would be applicable - performing a small
posterior cranial exploration in the first instance
and proceeding in sequence to a formal craniotomy
and resection.
This question of intervention before a clear
indication arises is obviously debatable; and even
were early intervention acknowledged as right and
proper, the rarity of the malady would interfere
with putting the policy into practice.
It is clearly established that lobectomy -
occipital, parietal, temporal in any combination -
in so far as permissible without inflicting
crippling disability, is a very substantial
contribution to the successful medicinal control
or abolition of the epileptic attacks.
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